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{Paper No. 2767.) 

*' The Training of Rivera, illustrated by tlia Eesulta of 

various Training-Works." 
By Leveson Fkascis Vehson-IIakcodrt, M.A., M. Inst. C.E. 

The training oF rivers may be carried out under four different 
conditiooa, naiuely, (l) above the tidal limit, or in tldeleaa rivers 
ftbove their outlets ; (2) at the outlets of tideless rivers ; (3) along 
tidal rivers ; and (i) through tidal estuaries. Training- works in 
a non-tidal river serve to regulate the channel, in which the 
current, though varying in volume, always maintains a downward 
direction. The second case involves the more complicated problem 
of securing an adequate depth beyond the mouths of rivers flowing 
into tidelesa seas, where the enfeebled silt-bearing current, on 
emerging from therivar channel into the open sea, tends to deposit 
its burden of alluvium. In tidal rivers, as the fresh-water dis- 
charge is supplemented by the tidal ebb and flow, the principles 
applicable to the training of non-tidal rivers require modification 
to suit the altered conditions. Lastly, the object in the fourth, 
case is to form a stable navigable channel through the shifting 
sands of a wide estuary. The regulation of the Ehone between 
Lyons and the entrance to the St. Louis Canal, is a recent ex- 
ample of the training of a non-tidal river. The Rhone and the 
Yolga fnrnish instances of attempts to train the outlets of tideless 
delta-forming rivers, which system was subsequently carried out 
with more successful results at the outlets of the Danube and 
the Mississippi. The Maas, the Adour, and the Nervion illustrate 
methods of training tidal rivers flowing directly into the sea ; 
whilst the Weser, the Loire, and the Seine afibrd examples of 
tidal rivers opening into estuaries in which training- works have 
l>eeD carried out. 
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I. Tbaimxo Koy-TiDAi. Rivers. 



Biven exliibit in their natural coDilition frequent alterations 
fal], and variations in width and depth, as well as a mare or tc 
tortuous course. The object of regulation works, in additii 
to straightening the channel by easing bends and snbstitntid 
Bteaight cuts for sharp turns, ie to equalize the fall of tJie rit 
by removing shoals and regulating the width of the cbansel, 
order to obtain a more uniform depth for navigation. Tbe wol 
passages and shallows are generally selected for iniprovenuil 
but, unless the depth of the river above and below is ample, ffl 
works, by modifyitig the fall and the discharge in the tniiaei] 
tion, are liable to lead to the appearance or formation of freslii 
beyond the limits of the training-works, by the lowering of 
water-level above and the df^posit of eroded material below, "" 
retically, it would be possible, by moans of ooutinuoos boj 
tndinal training- walls, to secure the desired uniformity in 
for a definite discharge of a river ; but, owing to the great varffttfi 
a the discharge and in the quantity of detritus brought downl 
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the current, and owing also to the differences in liability to erosion 
of the various strata constituting the bed of a river, and to the in- 
creased scour along the concave bank at oiirves, erosion in some 
places and deposit in others inevitably occnr, so that the estimated 
available depth is never fully attained. Moreover, the depth ob- 
tainable during the low stage of a regulated river is dependent on 
the minimum discharge; and, therefore, the improvement of a 
river for continuous navigation by training- works alone has 
necessarily to be restricted to large rivers with an adequate low- 
water discharge, or to rivers in which, owing to special physical 
conditions, the low-water discharge rarely falls very low. Eivers, 
however, with a fair flow at their low stage, have been snocesa- 
fnlly improved by training- works, as for instance the Ehine, tli« 
Elbe, the Niemen, and other large rivers ; whilst the Rhone fup*- 
nishes one of the most recent examples of the improvement of ft' 
river for navigation by systematic training operations. 

Hhone Navigalifin Iinprcvenienl Wnrlce. 
Phyai'-al Oondtli-mg of (*/■ Biv/^ Jtftone.— The drainage-area of the 
Ehone is 83,000 B([iiare miles, and is intermediate between the 
Beine basin which has an area of 30,370 square miles, and the Loire 
basin of 45,000 square miles. The mean fall of the Rhone between 
Lyons and the huh tn about 1 in 2,000, or 21 feet per mile, whio^ 
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a aeveE times the mean fall of the Seine hetween Paris and the 
,, and one-fourth greater thau the mean fall of the torrential 
|jire between Roanne and the sea ; and in some places the fall 
da 1 in 250. Moreover, the Rhone oarries down large quan-- 
of shingle and gravel, which onlj finally disappear from its 
d ahont 4 miles above Aries, where the great reduction in fall 
essitates the trituration of the detritus into sand and silt 
pFore it can be carried to the sea hy the enfeebled current. Tha 
1 discharge of the river is aJso considerable, attaining a maxi- 
50 cubic yards per second just below the confluence of 
^Sadneat Lyons, and 18,1 On cubic yards per second at Beaucaire 
pow the confluence of the Durance ; whilst the current during 
sat floods attains in some places a velocity of 20 feet per second, 
Kover laj miles an hour.' The maximum observed discharge, 
i, of the Rhone jiist below Lyons, during a great flood in 
, amounted to nearly four-and-a-half times the maximum 
large of the Seine at Paris during the great flood of March, 
md the maximum discharge at Geaucaire in the same flood 
was five-and-a-half times the maximum discharge of the Seine at 
Elbeuf, just above the tidal limit, during the great flood of De- 
c»niber, 1882. The flow of the river being torrential, the floods 
Bnbside rapidly ; but the banks are low in many places, and the 
innndations are extensive. 

Seheraeg for a Lateral Canal. — These unfavourable physical con- 
ditions have prevented the formation of any scheme for canalizing 
the river, a system which has been carried out with such excellent 
reaults fpr navigation on the Beine - and on the Main.^ Schemes, 
however, have been brought forward for evading the obstacles to 
navigation presented by tha river, by the construction of a lateral 
canal between Ljons and the sea — a solution of the problem 
adopted in the case of the Loire between Eoanne and Briare. Thus 
in 1808, the construction of a canal wus proposed along the right 
bank of the Bhone, starting from Lyons, and in 1822 along the 
left bank ; whilst Mr. Krantz, in 1873, presented a Report to the 
Assembly,* advocating the formation of a canal along the right 
bank at an estimated cost of about £4,000,000. 

Navi'jahle Condition of the Upper Rhone and the Mher Saone. — The 
)per Rhone is navigable from Le Fare down to Lyons, a dis- 



(^TravBiis d'Am^inriition de la NnTigatioa du Ehone," H. GiraTdon. 
IB of ProceedingH Inat. G.E„ vol. llsiiv. p. 224, nud Plato 2. 
iL xcvi. p. I£9, AQd Plate 6, F[gB. 4 and 5. 
" Bapporf a I'AsBemhlee nationalo sui In siluiition dea voiea uavignbleE does 
1b bs«8Ui du RhoDo," 23 JauTici, I STS. 
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tsnce of 95 miles, for Teasels of 200 tons, which go down loaded 
and are drawn up emptj' ; but the navigation is stopped when t'be 
river falls to its low-water stage, affording a minimtim depth of 
only 2 feet. A side cnt, rather over a mile long, with a lock in it, 
provides a passage for the navigation at Le Sault where the river 
is impeded by three falls. 

TheSaone being canalized right up to Corre, 233 miles from ita 
confluence with the Rhone, places Lyons and the Rhone in coift- 
monication with all the lines of inland navigation of central and 
northern France, by ita junction with the Canal du Centre at 
Chalon, with the Bourgogne Canal at St. Jean-de-Loane, with tho 
Rhone and Rhine Canal at St. Symphorien, and with the Canal de 
I'Est at Corre. The canalized Saone has an available depth of 
6J feet, the standard depth adopted for the main lines of inland 
water-ways in Franco, and accommodates vessels drawing 6 feet of 
water. 

Flow of the Low^r Bhone. — The length of the Lower Ehone, 
between Lyons and the sea, is 205 miles; and the flow of this 
portion of the river is rendered more regular by the different 
periods at which the greatest and least flow of the Upper Rhone 
and of the Sa6ne occar. The floods of the Upper Rhone resnlt 
from the melting of the snows and glaciers of the Alpa, which form 
the sources of its tributaries the Arve and the Ain, and therefore 
occur in warm weather. The river is lowest in the winter, when 
frosts arrest all drainage from the mountains ; and the flow of the 
laf^re, which joins the Rhone below Lyons, ia governed by the same 
causes. The Saone, on the contrary, rising in the Vosges, ia 
swollen by winter rains, and falls to a minimum during the 
summer. A very low stage of the Lower Rhone is, accordingly, 
only reached when a prolonged winter follows a long period of 
drought ; and, generally, the low-water flow of the Rhone imme- 
diately below the confluence of the Saone, is at least four times 
the low-water flow of the Seine at Paris, in spite of the torrential 
character of the Rhone, and the small difference between the 
drainage-areas of the two rivers. This moderate regulation of its 
flow, however, constitutes the only characteristic of the Lower 
Bhone favourable to its improvement for navigation by training- 
works. 

Regulation of the Lower Bhone lefwem 13G0 and 1878.— In the 
earlier portion of this century the Lower Ehone, notwithstand- 
ing its serioua impediments to navigation, attracted a good traffic. 
When, however, the railway was opened between Lyons and Mar- 
seilles, the trade naturally to a great extent left the river, on whielt 
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np-Btream navigation waa always difficult, and where the naviga- 
tion was stopped nearly every year for about 100 days during 
the low stage, when the depth was oooaaionally reduced in places 
to 1^ foot. Up to 1860, only works of protection against inunda- 
tions had been carried out on the rivet; and nothing had been 
done for navigation beyond providing towing-patha. At that 
period, however, the demands of persons interested in the naviga- 
tion resulted in works for the regulation of the river, in the worst 
places, between longitudinal training- walla, which were carried 
out from 1860 till 1870; and, after being stopped by the war, were 
resumed in 1876. The training- works, by confining the channel 
in the shallowest places between longitudinal stone embankments 
raised to the mean waler-ievel, and shutting off secondary channels, 
concentrated tlie mean discharge of the river; so that it scoured 
away the shoals, and stopped the changes of the main channel at 
these places, which every flood had previously produced. These 
embankments, however, raised from 6^ to 10 feet above the low- 
irater level, had to be placed a sufEcient distance apart to admit of 
the passage of the whole discharge of the river till the water rose 
above them ; and they were consequently too far apart to confine 
and regulate the low-water flow, so that the low-water channel 
meandered between shoals, crossing over from one concave bank 
to that next below on the opposite side.^ The current also, 
when completely filling the channel between these high embank- 
ments, scoured deep holes along the concave bends, so that the 
river, even in the trained portions, though considerably improved, 
waa not uniform in depth. The removal, moreover, of the shoals, 
by facilitating the discharge, lowered the level of the river in the 
trained portions, which consequently increased the fall and re- 
duced the depth above the ends of the training-works ; so that the 
deepening of the channel in some places occasioned the appearance 
of fresh shoals in others. Accordingly, this method of training 
produced a shifting of the positions of the shoals and rapids, in 
pla^TO of the anticipated uniformity in depth and fall, and therefore 
did not adequately improve the navigable capabilitiea of the river 
at its low stage. It waa consequently determined, in 1878, to 
modify materially the form of the training- works, and to train the 
Lower Hhone systematically, instead of merely improving the 
worst sections. 

Systematic Training of the Lower Rhone. — The new training- works 

"De I'AmetiorafJon di?s Rivieres navigBbleB k food mobile," M. Jacquet, 
> interoatioiwl de rUtiliBation dee Enuz fluvialev, Fuie, 1889, p. IGl. 
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— which wore commenced in 1878, were modified by the introdnc- 
•tioii of cros§-dykes in 1832, and are now almost completed — haw 
been designed with the view of altering the normal condition of 
the river as little as practicable, so as to avoid embarking upon a 
fruitless struggle with the natural forces at work in a river with 
a shifting bed.' Secondary channels have been shut off from the 
low-water channel of the river by low longitiiilinal training- 
walls, Fig. 3, Plate 1, or by a series of low cross-dykes arranged in 
steps, Fig. 5, so as to stop any scour in fiood-time, when th« 
conrse of the river is as free as formerly, and thereby prevent 
a subsidiary channel becoming the main cbannet. Sharp, 
irregular concave bends have been eased aod regulated by forming 
low longitudinal training-walls of flatter cnrvatare, pTojecting 
more or less into the channel aloDg the concave river-banks and 
connected with the land by cross-djkes dipping towards the 
channel and inclined slightly up-stream, so as to prevent erosion at 
the back of the training-walls, and to direct the carrent behind 
these walls into the main channel, Tige. 1 to 5, Plate 1. 
These longitudinal training- walls are intended merely to regulate 
the low-water channel of the river ; and their height is, therefore, 
restricted to 3 or 4 feet above the low-water level. The low-watei 
channel, moreover, is further regulated along those bends, and an 
undue deepening along the toe of the longitudinal walla ob- 
viated, by placing dipping submerged cross-dykes or spurs in 
the channel in front of the longitudinal walls and pointing 
slightly up-stream, Figa. 1, 2, and 6. These cross-dykes also 
protect the toe of the longitudinal walls from scour; and by 
directing the main current into a more central channel away 
from the banks, facilitate the passage of vessels at these bends; 
further, by arresting erosion of the bed, they prevent the loss of 
fall, and consequent lowering of the water-level which generally 
occurs at sharp bends, producing a diminution in depth over the 
shoals above. Longitudinal and transverse dykes have also been 
used to direct the main channel in its passage over the shoal at the 
change of curvature between the successive bends ; so that it may 
pass gradually, with only a alight reduction in depth, from one 
concave bank to the next, instead of with the abrupt transition, 
almost at right angles to the general course of the river, wliich ia 
sometimes found at irregular parts of the river — offering a very 
serious impediment to navigation, both on account of the tortuons 
line of the channel, and the shoal which invariably exists at these 

J "Travaui d'Amcliomtion lie Ir Nnvigalion dii Rliiiai;," 11. Giroidon. 
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points, Figa, 1 and 5, Plate 1. In some places, dipping croas- 
dykes alone have euffiueJ to regulate tlie low-water channel, 
Figs. 4 and 5; and longitudinal training- walls have not 
been placed along the gently-sloping foreshore on the convex 
eide of a bend ; but ocoasiunally thia foreshore has been pro- 
tected from scour by low croaa-dykea, Fig. 3, to prevent a diver- 
fiion of the channel during floods. Where deep places esisted in 
the centre of the channel, occasioning a reduction of the fall of the 
water-line and a consequent inoreise in the fall above, submerged 
dykes have been placed in mid-chaunel, inclined slightly np- 
etream in the centre. Figs, 2 and 4, which, by raising the fall of 
the water-line in these places, diminish the fall and increase the 
depth above. These submerged dykes are kept below the limit of 
the navigable depth ; and they aerve, like the submerged spnra 
projecting in front of the concave longitudinal training- wall a, to 
regulate the depth of the channel, jnat as the other training- works 
regulate its width. Their form, moreover, directs the main 
current into a central course. By the judicious and gradual 
adaptation of these different forms of training-works to the various 
requirements of the channel, the fall, depth, width, and course of 
the low-water channel have been regulated between Lyons and 
the St. Louis Canal, without unduly interfering with the natural 
condition of the river. All the training- works consist of rubble 
atone mounds, deposited at random under water. The cross-dykes 
are raised in stages, accretion meantime taking place. After the 
mounds have become consolidated, the portions above low water 
are filled up solid with concrete ; and the surfaces of the portions 
under water are arranged by the aid of a diving-bell. 

BcsalU of the Lower Rhone Traii,ing-Worhs.—'i:'h& low-water line 
adopted as the standard on the Lower Rhone was the lowest 
water-level that had been recorded at the commencement of the 
works; and though the river fell below this line in 1884, under 
very exceptional conditions, the water very rarely falls as low as 
this line. In 1878, there were 5 places where the depth was leaa 
thanl^ footbolowtholow-waterliue, 81l6ssthan4feet, 91 less than 
4^ feet, and n 1 less than 5 feet ; whereas in 1892, no part of the 
river had a leaa depth than 4 feet below the low-water line, only 
2 places leaa than 4^ feet, and 12 placea less than 5 feet. The mini- 
mum available depth has, in fact, been increased by the new training- 
worka from under IJ foot to over 4 feet ; and since 1885, the traffic 
has never been stopped for want of depth. As, however, the low- 
water standard represents an exceptional condition of the river, the 
practical improvement realised, and the actual value of the river 
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for navigation are letter indicated by the jieriods dnring iriucb 
certain depths of wuter are maintained. Thus, irhereas an avul' 
able depth of over 4j feet was maintained dnring 227 days in 
1878, this period baa been increased by the train in g-irorks to 
367 days; the period of a ilepth exceeding 5^ feet haa been 
increased from 182 to 341 days ; exceeding 6 feet, from 139 to 317 
days; and exceeding 6i feet, from 101 to 282 days. These figures 
show clearly how mnch the prolongation of the period correspond- 
ing with a giTea depth, effected by the training-worltB, increases for 
greater depths. The navigable capabilities of the Lower Rhone 
have, accordingly, been considerably increased by affording a depth 
of 6J feet for more than nine months in the year, which may be 
eventually extended to ten months, in plaee of little over three 
months, and also by securing a minimum depth of slightly over 
4 feet, only 10 inches less than the minimum depth of the Bhine 
between Bingen and St. Goar, which, on the completion of the 
works will probably slightly exceed 4^ feet, in place of the mini- 
mum depth of 1^ foot previous to 1878. 

The above figures, however, do not represent all the adTantages 
derived from the works by the navigation ; for the training-woika, 
by rectifying the channel between the bends, by easing the curva- 
ture at the bends, and keeping the channel away from the concave 
hanks, and by reducing the current at the rapids, have enabled 
vessels to follow the deepest channel, and have greatly facilitated 
their mancouvres. Moreover, the raising of low bridges has 
materially reduced the period during which the navigation is 
interrnpted by floods ; which interruption now only occurs ■when 
the height of the river exceeds 14j feet above the low-water line, 
lasting on the average only four days in the year. The average 
period, indeed, of the stoppage of navigation on the Lower Khone 
by ice, wind, fogs, inadequate depth, and floods, has been reduced 
by the works from 91 days to 14 days in the year, making an 
annual gain of 77 days. The period during which the navigation 
is difficult, when vessels have to be lightened or are handled with 
difficulty, has, moreover, been reduced from 129 days to 14 days in 
the year, making a further gain of 1 1 5 days annually. Consequently, 
the period during which navigation on the river is easy has been 
prolonged from 145 days to 337 days — a total increase of 192 
daj^ in the year; and the navigation is subject to delays or sus- 
pension for barely a month in the year, instead of over seven 
months. 

The navigation works have also benefited the riparian land- 
owners by fixing the channel of the river, and thus securing the 
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adjacent lands from erosion by the shifting of the ebannel. More- 
over, accretion ia taking place behind the training- works, creating 
new land suitable for cultivation in the spaces between the croes- 
dykea. These areas mnst, however, be kept low, and reclamation 
forbidden, so that they may remain available for discharging the 
flood waters of the river. Nevertheless, as the cnrrent will follow 
the dip of the cross-dykes towards the main channel, the water 
will flow off on the lowering of the rtver, and these lands will be 
valuable for growing some kinds of crops. 

Cost of the Lower Moue Tiaining-Wortn.—The expenditure on 
the training- works since 1878 up to the end of 1892, amounted 
to £1,568,000, of which £100,000 were spent in maintenance. A 
balance of £220,000 still remains to beexptended lieforethe original 
estimate is reached ; and it is stated that the cost of the works 
remaining to be done will not exceed this sum. As, however, 
the scheme of 1878 was materially modified during the coarse of 
the works — ^necessitating the removal of portions of the earlier 
works — the existing training- works could undoubtedly have been 
tmnstmoted at a smaller cost. 

Navigation of the Loiner Rhone.— -As the portion of the Ehone 
between Lyons and Aries does not always afford a depth of CJ feet 
of water, it is placed in the second class of French inland waterways ; 
whereas the 29 miles of river beween Aries and the St. Louis Canal 
belong to the first class, as the depth never falls below 6J- feet in 
tliia portion. Xevertheless, owing to local conditions, and the 
branching off of the Ehone and Cette Canal at Beaucaire above 
Aries, the traffic between Aries and St. Lonis is considerably leas 
than in the shallower and rapid river above. After the introduction 
of railway competition, the traffic on the river fell at one time to 
about 200,000 tons in the year ; but it gradually revived with the 
aid of the earlier training- works, reaching about 400,000 tons 
annually previously to the improvements effected by the new 
training- works. Since 1881, when the infiuence of the new works 
began to operate, the traffic between Lyons and Aries has increased 
fairly steadily; and the total tonnage reached a maximum of 
707,500 tons in 1890. This tonnage, however, fluctuates consider- 
ably, being greatly affected by the supplies of building materials 
carried short distances to various parts of the river ; and the actual 
traffic on the river is far more correctly indicated by the mean 
tonnage over the whole length of this section of the river, which ia 
obtained by dividing the total number of tons carried one mile by 
the length of the section in miles. Now the moan tonnage of the 
river traffic, spread over the whole 176 miles between Lyons and 
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Aries amounted to 1 83,500 tons in 1881,1 03,000 tons in 1 8 ^ 
tons in 1889, and 254,000 tons in 1892, exhibiting a gen* 
increase, in spite of slight occasional declines for a year 

Notwithstanding the impediment offered to np-stream 
by the rapid current, the mean tonnage of the gc 
up-stream has become nearl}'^ equal to the mean down-st^ 
namely 125,200 tons up-stream, as compared with 1 
down-stream in 1892, owing to the very large anio' 
cultural products and articles of food conveyed loi 
up-stream, amounting to two-fifths of the total mean 1 

The traffic between Lyons and Aries is carried on 
and by barges descending with the current, and drav 
empty or half-loaded by grappling tugs. The cii 
paddle-steamers of 300 to 400 tons, drawing 5 t 
water, descend the river at an average speed of 
hour, and go up-stream at about 3| miles an hour. T 
steamers of 60 to 120 tons have a draught of 3^^ to 
barges of between 30 and 300 tons float down-strea 
to 4^ miles an hour, and are towed up by tugs grappli 
by the aid of a large wheel, at the rate of about 3 i 
The traffic has nearly reached its limit with the v 
but tugs are in course of construction for hauling on 
which it is hoped will raise the annual traffic to a i 

Bemarhs, — Dipping and submerged dykes, which 
most interesting feature of the Ehone training-w' 
previously adopted for training some of the 1 
Germany ; but the Ehone furnishes a somewhat n< 
a long length of river being systematically trained 
in conjunction with longitudinal walls. The Eh* 
river of France suitable for this method of improv. 
owes to the difference in the period of the low-A^ 
affluents. Though the increase of nearly three fc 
depth at the low- water stage is small in comparisc 
ening that can be effected by canalization, it com; 
with the improvements attained in larger rivers 1 > 
Moreover, the training- works do not practically in 
flood-discharge and the descent of detritus ; as they 
the low-water discharge, and prevent the undue 
detritus at the passages between the bends, withou 
ating the succession of pools and shallows which 



* " Statistiquc dc la Navigatiou Interieuro," Miuietbre xh 
Paris. 
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n&tnral ooadition of the river cliannel. Provided a depth suitable 
for inland navigation can be maintained thronghout the year, local 
conditiuna exercise a greater influence on the trafGc than a large 
increase in depth. Thus the traffic on the moat frequented portion 
of the Upper Seine just above Paris, with a minimum depth of J 
feet, greatly exceeds the traffic on the lower portion of the Lower 
Seine, with a minimum depth of lOj feet, on account of the trade 
converging to Paris. The traffic already developed on the Lower 
Ehone since its regulation, indicates that the depth achieved is 
adequate for inland navigation; and, though the Khone is not 
likely to be improved sufficiently to be raised to the first class of 
inland waterways in France, with a minimum depth of fij feet, 
unproved means of towage and competition in the river traffic may 
nwlerially increase its trade. The Rhone, however, is prejudiced 
by the Libsence of inland water-communication with Marseilles, 
necessitating the transhipment of goods at St. Louis ; and a canal 
for river craft between the Ehone and the port of Marseilles would 
greatly promote traffic on the river- 

2. Tbaisisg the Outlets of Tideless Rivers. 

Contrast between the Oiilhtg of Tidelegx and Tidal fitoers.— Sedi- 
ment-bearing rivers flowing into a tideless sea, are obstructed at 
Heir outlet by the deposit of the alluvium they discharge into the 
*6*i which gradually accumulates, reducing the fall of the river 
near its mouth and forming a delta. The bars, accordingly, at 
""e mouths of these rivers are wholly of fluvial origin, differing in 
Itisrespect from the bars of tidal rivers, which result from the drift 
of eand and shingle along the coast tending to form a continuous 
'"'id across the river mouths, an action that is only partially 
Pr^ented by the ebb and flow of the tide, aided by the fresh- water 
''i'oharge. The bars also of delta-fonning rivers project consider- 
'% in advance of the general coast-line, together with the mound 
•" deposit composing the delta ; so that waves sweeping across the 
"itlet, and littoral currents arrest more or less the advance of the 
oslla, and the formation and seaward progression of the bar. The 
■■s™ of tidal rivers, on the contrary, being formed by detritns from 
'm coast and cliffs, are only sligh tly pushed out in advance of the 
pQeral line of the foreshore by the current of the river, and are 
fWaedby storms driving a large quantity of detritus along the shore. 
Phytieat Condiliona ajfecting the Outlels of Tideless Eivers.- — When. 
rection of the prevalent winds directly faces the outlet of a 
SB river, the turbid cnrreot ia more rapidly arrested and 
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d«|iwit proniotod thereby. The oondition also of the oatlet of a 
ti/telM* river in uSeoted by the proportion of solid matter broagiit 
down by tho mirrent, und by its density. TKe larger the toIdsw 
vf Msdimeiit in u f^ivco dittcharge, the more T^pid irill be the 
ftdvAiicD (if the diiltu, uiid tho shorter will be the dumtioD of bene- 
fi<:ial eft'nolM from truiuiu^- works. Moreover, if the materi&l is 
ilKht, it limy Iw ourriod some distance out in suspension, mod 
lir<my(\it under t}io iufliioiioe of littoral currents or wave-action, 
Kful diajiiirtinil ; whorniiM dense matter, rolled along the bottom, 
iHWn eoiuoN to rest when the current is checked on emerging into 
the Mn, und muinly formx the bar which is invariably fonnd in 
front of delta eiitletN. As the mound of deposit is constantly 
advwmiinK Meaward* like a submarine embankment, emerging by 
(tflgriMM out of water at the aides of the land end of the ontlet 
ohanriel, Oio dnpth of the sou in front of the delta forms an 
ImiKtrtant element in its rate of progression and in the advantage 
of triiininK tTiu outlet. Accordingly, the direction of the prevalent 
wind*, tho oxintenoo of littoral ourrents, the volume and density of 
tUn alluvluiu, tttid the depth of tho sea, are considerations on which 
the prasticubility &nd value of improvement works at the outletof 
It thloleai river dejiond. 

I'Tineijilf* of 7'raming-]Viirk» aC a Dtlta Oullrt. — Only two methods 
are available for doit]ioning tho navigable channel across tho 
bar in front of tho oiitlots of delta channels ; namely, dredging on 
the Ijar, and making tlio rivor current scour the bar by confining 
it liotweeii iiarallol jetties, in prolongation of the natural banks, 
out towardu the bar. Harrowing on the bar, so as to stir up the 
Kodiment for thn ourreut to carry it out to sea, which was tried on 
the Dunulie and the M-ississippi, naturally failed ; for the enfeebled 
current crossing the liar could not bear away an additional bnrden 
when dropping tlie matter with which it was already chafed. 
The grout volume of Hodinicnt generally brought down by large 
rivers flowing into a tidelees sea, restricts the economical applica- 
tion of dredging to a small increase in depth, and necessitBtea 
ooDtinuoua dredging operations. Tho depth of one of the outlet 
ohaunels of the Volga has, indeed, been increased from 4 to 8 feet 
by dredging; and it is hoped that a depth of 14 feet may be 
obtained by powerful dredgers at the mouth of another channel. 
As, however, every additional foot of depth involves a very large 
increase in the volume of material to be dredged, and in the cost of 
maintenance, recourse has been had to the sconr of the trained 
current for the considerable improvement in depth required at the 
outlets of the Danube and the MisEissippi. 



ProceedingB.] VEILSON- 



TEAINIKa OF KIVEnS. 



15 



In order that the traiaing-banks, in prolongation of the natural 
banks of the outlet-channel, may make the river current scour the 
bar and also convey its burden of eediment into deep water, the 
training-work a require to be carried out to the bar. Aa the bar is 
nearer to the outlets of the delta ohannela which have a pro- 
portionately small discharge, shorter training- work a BufBce for a 
minor channel than for a large one ; and as the advance of the 
delta in front of the various outlets ia proportionate to the dis- 
charge, other conditions being similar, the efficiency of the training- 
■worka continues for a longer period in front of a minor outlet — 
deferring the necessity for prolonging the training-banks, which 
the gradual accumulation of deposit eventually occasiona. The selec- 
tion of the outlet to be trained ia the only condition which la under 
the control of the engineer ; and the above considerations show 
that a minor outlet should be selected, if the delta channel leading 
to it is adequate for the requirements of navigation. The choice 
also must be guided by any advantages in strength of littoral 
current and depth, which may exist in front of some outlets 
over the long stretch, of coaat-line occupied by a delta. In the 
absence of any littoral current or other disturbing cause, and 
where the sea is shoal for a long distance in front of a delta, it 
would be inexpedient to attempt to improve the outlet-channel 
of a silt-bearing river across its bar by training- works, owing to 
the rapid accumulation of deposit that would inevitably take 
place in front of the training-banks. 



^ Trahiiiig the Eami/Mak Outlet of the Volija. 

The Volga haa a total length of 1,980 miles, and a basin of 
563,000 square miles. It becomes to some extent navigable about 
60 miles from its source, and it is fully navigable from Tver, 
220 miles further down, to its mouth. 

Delta of the Volija. — -The delta of the Volga commences about 
31 miles above Astrakhan, where the Buzan branch diverges from 
the main channel ; and its area is about 5,300 square miles. Near 
Astrakhan and below, other channels branch off, and subdivide 
lower down, so that eventually the Volga flows into the Caspian 
Sea through at least two hundred moutha.'^ The Volga has an 
nnusually small fall, even ia the earlier portion of its course ; and 
the large quantity of alluvium brought down, comes mainly from 



' *■ Lea EmbouchurcB du Volga," V. E, de Timonolt 
tl de Savigatioa iut^rieaie, Puia, ISS2. 
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the erosion of high cliffs which border its oliannel in places. 
Observations indicate that 26,000 cubic yards of solid matter 
have been carried down by the river per day during a flood, 
'which, however, bears a small ratio to the maximum discharge of 
the river in flood-time, averaging about 27,000 cubic yards per 
second. The rapid progression of the Volga delta, if correctly 
estimated at 1,270 feet per annum, can only be accounted for by 
the shallowness of the northern part of the Caspian Sea, which 
appears to have decreased between 2 feet and 7 feet in depth in 
the Ittst fifty years, owing to the quantity of alluvium brought 
into it by the Volga and other rivers. 

Out of the numerous, changeable channels of the Volga delta^ 
two only are used at the present time for navigation between 
Astrakhan and the sea, namely, the Bakhterair and the Kamyaiak 
branches. The former channel is the most fretiaented, as the 
normal depth over its bar has been increased from 4 feet to 8 feet 
by dredging; whereas the depth over the Kamysiab bar is only 
4^ feet. In other respects, however, the Kamysiak cliannel is the 
best, as it is much straighter, shorter, and generally deeper than 
the other ; and the 3-fathoia line of soundings in the Caspian Sea 
approaches much nearer the Kamysiak mouth than to the other 
outlets. The advance also of the delta must be much more rapid 
in front of the Eakhtemir outlet, since one-third of the whola. 
flow of the Volga ia discharged by this channel. 

Training the Volga Outlet. — Works for deepening the outlet of th» 
Kamysiak branch of the Volga to 8 feet were commenced in 1859,, 
and comprised closing secondary branches, confining and con- 
centrating the current in the main channel by training-banks of: 
fascine mattresses, and dredging on the bar. These works were" 
carried out up to 1.869, at a cost of £160,000, the training-works' 
being extended seawards about 4^ miles. These mattress bankSf 
however, were discontinuous and fragile in construction, being 
merely intended as a nucleus for the accumulation of silt, so they 
were frequently injured by waves and ice; and the banks diii 
not become sufficiently filled with deposit to guide the cnrrent 
properly. The works, moreover, only extended into a depth of- 
8 feet, with a gently sloping sea-bottom in front. Thus with 
imperfect training-banks, and under unfavourable physical con- 
ditions, it was natural that no material improvement in depth 
was obtained. The conditions, indeed, of the Volga delta seem to 
preclude the adoption of training- works for the improvement of 
the outlet, even if rapidly and efficiently carried out ; for besides 
the absence of adequate depth to provide a reservoir for the 
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deposit of the allnvium brought tlown by the current, there ia no 
Bea-carrent along the northern shore of the Caspian, and the pre- 
Talent winds of north-west and south-east cannot create n littoral 
Onrrent, and thus disperse the suspended matter. If a depth of 
14 feet could be obtained and preserved by dredging over the 
Esmysiak bar, this would provide tlie maximum increase in depth 
obtainable at a reasonable coat for the Volga outlet, for the available 
depth in the Kamysiak branch up to Astrakhan is only 14 feet; 
whereas the available depth in the Bakhtemir branch is limited 
to 8 feet ; and the lowering of the crest of the Baltlitomir bar to 
14 feet, wonld, owing to its great width, necessitate dredgingsevaral 
miles of channel. 



Training-Works at llw Mouth of the Ithone. 

Dflta of the Rhone. — The large f[nantity of detritus brought 
down by the Rhone, being gradually triturated so as to be wholly 
converted into sand and mud below Soujean, has by degrees formed 
the delta of the Khone, which is considered to comiuenoe about 
6 furlongs above Aries, where the Little Ehone brandies off from 
the main river. In lioman times Aries was an important town, 
owing to its maritime position ; ' but now it is 32 miles inland 
from the mouth of the Great Rhone, through the advanoo of the 
delta. The Great Ehone, carrying 84 per cent, of the discharge 
of the river, is the navigable channel, and formerly entered the 
Mediterranean sea through six mouths; and the advanoo of its 
delta has been estimated at 140 feet annually. Mr. Giiiirard 
calonlatea that the Great Ehone carries 2:1,600,000 cubic yanla 
of solid matter annually iuto the sea, which is rather less than 
one two- thousandth of the volume of water discharged ; " and 
this material consists mainly of fine sand rolled along the bod 
of the river, less than a fourth of the alluvium being found in 
suspension in the current. The heaviness of this detritus is 
donhtless dne to its being derived from the primitive rocks of 
the Alps. 

The Mediterranean Sea attains a fair depth at a moderate 
distance from the shore in front of the Rhone delta ; but the inner 
bay of Fob, to the east of the delta, is compamtivelyshallow. The 
strongest and most prevalent winds blow from the north-west and 
south-east; and the latter wind, blowing from the sea, brings the 

' " Le Hhi'ioe, Hiatoire d'un Flunve," Cliarleg Lentheric, vol. ii. p. 371. 
' Miuutea at ProucodingB Inat. C,E., voL Ixixii. p, SOU, 
[jia U)SX. CE. VOL. CXVlli.] 
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^r^aktest wxwi^m on. ta che coaat, A pecnaiiaic Stsofal tf-u i i i Mi also 
tn^ids ^wiy alon^? tixe MafiitenameMiL cottsc 5riiil ease lO' west, 
eTtemfini; to consiierable <iepciia; wtLexeas cite ggrf i cc-c ii na t ts 
occMOJnally obeerr^d in the bay of W'lz aie T^sy ^t^cl 

In l^I^ the deepest outlet was thmn^zh. the amthera^ Ea^«e 
Channe?, between the aQurial mlanife of Ronatan azui Eiig<i»ie.- with 
a 'iepth of •JV feet o^er the bar^ 1%. II, Plate I. In l^o2. there 
was an aTeiage depth of 3 feet a^io^ the bars in frsot of the 
Piemanson and Bonstan channels; whilst the deptii orer the 
Eugene bar haii fidlen to neazlj 4 feet, ami the depth, or^a- the bar 
of the direct eastern channel was only 3 \ feet. Accoriingir, all 
the phy^cal conditions at the Rhone 'ielca wise ^Tomafcle to the 
selection of one of the 5oathem oTitlets for improTement, pr^naUj 
the central Boastan channeL as being wider and in a better direc- 
tion than the westerly Fiemanson channel ; also as opening more 
dlrecily into the Mediterranean, and haTing a better depth otct the 
bar than the Engene channel. The eastern and nortbem months, 
discharging their sediment into the ^laHow bay of Fox, and 
beyond the infloence of the littoral cozrait, wme un&Toarablj 
situated. 

Traimmg ike Ekcme Outlei. — ^The east channel was chosen for 
trainiDg, as its direction was considered the most ^vonrable for 
the entrance and exit of vessels ; embankments on eadi side were 
commenced in 1852, abont 4 miles in length, and were oxnpleted 
in 1857, terminating rather more than ^ mile short of the crest of 
the bar. These embankments closed the sonthem and northern 
channels, and concentrated all the discharge of the river, and, 
consequently, all the allavinm, in the eastern ontlet. The training- 
works produced a temporary deepening of the eastern bar, reaching 
a maximum of 9f feet average depth in 1856, which has never 
since been attained, even in the exceptionally good year 1873 ; 
whibt the average depth in the last thirty years has amounted t^ 
only 6^ feet,^ less than the recorded depth over the Eugene bar U^ 
1841. The bar, moreover, has been gradually advancing acroB^ 
the entrance of the bay of Foz ; its rate of advance between 186^ 
and 1873 having reached 360 feet a year, two and a half times th^ 
estimated progression of the delta before the commencement of th^ 
works. The advance, however, appears to have become much les^ 
rapid in the last eighteen years, Fig. 11, Plate 1, owing doubtles^ 



* Miuuioi of Prx>oeediDg8 Iniit. C.E., yol. Ixxxii. Plate 6, Figs. 3 and 5. 

* " Amdioration do TEnibonchure du Rhone," A. Guerard, p. 30, V* Congr^ 
Inti^ruatiouttl do Navigation intcrienrc, Paris, 1892. 
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the extended ziooe for •d-e^iKt v^3£ni 121? cistbli idff fto^pirel 
ther ont ; and the easiBrs otiijk -mzH jnimzlj' ^T'sn^naJjT sitEx 
into two or time sayrrrrtL XL* bfcr isi tgmT^"l7T.-r i<i3 rcoanis 
re exposed, bat t^us is ^xa.T^*'^ i^r zskT^pisaiZL i£ naseli 
re deserted this rcFite 5j=r iL* Si- Lija5§ CazoI icieciBi a 1^75 j, 
icli affords a navi^l-^ d^xfi^ ri r> iss: fcr seft-^^isz^g T emcli 
come up to St. Louis, wbere tbt tnzsc^eciEc::! c€ cazzxes takes 
ce. The adyance of tLe dfliia eohSTviris *snas lie bav is ren- 
^g the approach to the Si. Lrjzji Cazial, azd to 1^ jort of 
ac, from the wiKt, more circrdiGrM : wilki yrase *£« f-^=yrng of 
^ southern outlets, the sea has er^ied i2k fionzi£«m ^ure of the 
ta. Acoordinglv, the re-opening of cos <i^ iLe xm^era *^^w^*»l* 
? been proposed. 

Fhe failure of the training-wcr^ as iitt osilei of the Bhooe 
ist be attributed to the selection of an unfaT-orzratJv situaxel 
:let, to the closing of the other ouileis cooseoiEaxirL? all iht sedi- 
Qt of the Rhone into a single chanijel, az^i zo sfjssts extent to the 
rks not being earned out rapidlT zsA exieodcd to the bar, whidi 
»nld have increased and prolc«ig<p»i the vtsnyjTxry improfrement 
depth. The training of the Bousian Cbanael ri^t out to its 
r, whilst leaving all the other channels open, wouM have offiered 
r better prospects of succesSy and would p-robably have secured a 
ir increase in depth, in spite of the deodir of the alluviuni and 
e feeble scouring power of the littoral current except during 
)niis. 

Training-Works ai ike Sulima MfMtk of ike Dammbe. 

Delia of the Danmhf. — ^The delta of the Danube has been fully 
scribed in a Paper ^ by Sir Charles Hartley, IL Inst. C.E. The 
innbe drains an area of about S12/jO*) square miles, and brings 
»wn in flood-time large quantities of comparatiTcly light alluvium, 
ostly in suspension in the current, and has gradually formed a 
ilia which is 1,000 square miles in extent. The average flow of 
e Danube varies between 4,6*X^ cubic yards per second at a low 
itge and 12,000 cubic yards at a high stage ; but at extreme low- 
lier its discharge falls to nearly half the first volume, and in 
^tiaordinary floods it exceeds three times the latter discharge. 
^ proportion of alluvium brought down in suspension to the 
Bcharge is much greater in flood-time than at a low stage, 
■Hmnting on the average to 1 in 6,700 ; but some denser materials 



' Minates of Prooeedings Inst. C.E^ toL xxi. p. 277. 
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must be rolled aloDg the bed during fl 
uiuiit has been made. 

The Sulina mouth, selected for improvement, was the most 
siiitiible in moat respects, fur it discharges barely one-thirteenth 
jMirt of the whole flow of the river, and consequently, the advance 
ijf the delta in the neighbourhood of this month waa coinparatiyelf 
»\i>w, averaging about 94 feet a year ; its bar also was much noa 
tlje shore than the bars at the outlets of the other two branolie!, 
mid tho channel over it was deeper. The northern Kilia branob, 
which is the main channel through the delta, was, indeed, quite 
unsuited for improvement at its outlet, with its numerous shallow 
inoiitha and its rapidly advancing delta. The southern St. George's 
branch possessed a better navigable channel through the delta 
thmi the central Sulina branch, and the sea sloped more rapidly 
down in front of its outlet ; but these advantages were outweigbod 
by tlio greater actual depth across the Sulina bar, and by this bar 
Imitig only half the distance from the shore of the St. George's 
bar, NO that training- works of half the length required for &9 
St. (tcorge's mouths sufficed at the Sulina mouth. 

A targe portion of the alluvium brought down by the DamiW 
iti (tarried out to sea ; ' and the lightness of this matter ia furtlin 
iiidiuated by the form of the Sulina bar aa compared with tho 
ItliDiio bar. Figs. 7 and 11, Plate 1. The sea-slope of the Khone 
]mr io (H>niparatively steep, as most of the dense sediment rolled, 
uhilitt IliB iHittom comes to rest before passing the crest of the bai^ 
i([ii| is only gradually pushed over on to the outer slope; whereas. 
lUa bfia-Mlnjje of the Sulina bar is flat, as a good deal of the rela- 
Mvi'Iy ilglit Bodiment of the Danube ia carried beyond the crest of' 
th« Wl'i ami in deposited along the outer slope by a sort of siftlof 
lirotJun*, iiciHifding to its density, the heavier portions beini 
iie|iuBittid flvit. A littoral current flowing towards the south JI 
tVtUit of l.liD ilolta, gives a soutberly drift to the alluvium ; and tl 
inevalutil northerly winds make the waves exert a similar inJ 
nil Diu dopH»it noiir tlie shore. 

TraiiUiig lliti Hiiliiia Otdlft. — The jetties constructed provisional! 
nl Hlilitia hi lH,')H-ni, and consolidated in 18015-71 have be« 
ilfiitiribud 111 detail by Sir Charles Hartley.^ These training-workl 
OxlonHilig Hourly l* mile in advance of the former shore-line, i 
oarried out btiyund the sito occupied by the crest of the bar inlSSl 
UUil tliui cnnneiitratuil the souur of tho issuing current right aero 

I M1iiii(i-ii I'f J'rimrodiiiKH Iiiat. C.K., vul. 
• JbW, lol. xxxvi, 1), Udl. 
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the tar. Fig. 6, Plate 1. The bar was thereby pushed seawards; 
and the depth over it increased from about 10 feet ia 1857 up to 
20 feet in 1872, which depth has since been maiotained, Fig. 7. 
Owing to the jetties projecting from the coast like a groyne, the 
"waves and littoral current have eroded the shore to the north, and 
liave produced a retrogression of the lines of soiindinga towards 
the land down to a depth of four fathoms. On the southern side 
of the Snliua month, on the contrary, the shelter of the jetties Las 
occasioned an advance of the shore-Hue, and promoted deposit. 
The lightness of the alluvium, and the influence of waves and the 
littoral current have hitherto prevented the raising of the bar ; but 
the deposit to the south has deflected the channel beyond tie jetties 
to'warda the north, and has sometimes reduced the depth in the 
direct line of the jetty channel below 18 feet. Moreover, the 
gradual flattening of the sea-slope of the bar, and the receding of 
the four and five fathom lines seawards in front of the jetties, as 
much aa a quarter of a mile between 1871 and 1891, show that, in 
spite of over 85 per cent, of the alluvium in suspension being carried 
more than l^ mile beyond tlie pier-heads, and the very small propor- 
tion of heavy detritus brought down, the bed of tlie sea in front of 
the jetty channel is gradually shoaling, which must in time produce 
a raising of the bar, and eventually necessitate a prolongation of the 
jetties. 

The tonnage of laden vessels leaving the Sulina mouth, which 
was about 300,000 tons in 1857, rose to over 400,000 tons in 1860, 
and with occasional fluctuations, had increased to nearly 1 J millioa 
tons in 1 889. The navigation along the Sulina branch through the 
delta was formerly considerably impeded by shoals at the low stage 
and a tortuous channel, which led to au expression of preference 
at the outset for the St, George's branch. Training- works, however, 
aided by straight cuts and dredgiug, have gradually inoreuaed the 
minimum depth at the lowest stage of the river from 7 feet up to 
about 17 feet.' 

Traiiwig-Worlif at Hit Suuth Vaas of the Misnisaippi. 

Delia of the MinsimiipjiL—The delta of the Blississippi is considered 

to commence just below the confluence of the Red river, 316 mites 

from the outlet of the river ; and it eKtends over an area of 12,300 

square miles.* It projects about 200 miles into the Gulf of 

' Minnies of Proceedings Inst. C.E,, vul. cvi. p. 239. 

* " Beport on the Physiea unl llydruulica »l Clic MiesJasipfii Hiver," 
HBiD|ihn'}*s null Aljbut, [i. 45a, 
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Mexico, and its formation has been estimated to have occnpied at 

least 4,400 yeara. Witliin 35 miles of the gulf, tlie main channel 
paeaes Fort St. Philip with a width of 2,470 feet, and a, depth of 
1 20 feet ; but 20 miles lower down, the river, having widened out 
to 1| mile with a reduction in depth to 30 feet, divides into three 
very divergent brdnches, two of which finuUy split up again, ao 
that the discharge into the gnlf takes place through seven montha, 
The Mississippi has a l^asin of 1,244,000 square miles; the dis- 
charge of its main channel amounts, on the average, to 2if ,000 onhio 
yards per second ; and the average yearly amount of allDvium 
carried into the Gulf of Mexico ia nearly 300 million cubic yards, 
equivalent to ^77^.77, of the total discharge. The alluvium broaght 
down consists of silt, sand, and clay, a considerable portioi 
wliich is rolled along the bed of the river, estimated at one-tenth 
of the whole ; and the presence of this dense sediment is manifested 
by the steep sea-slope of the bar, Tig. 9, Plate 1. The yearly 
advance of the delta is 300 feet at the mouth of the South-west 
Pass which conveys one-third of the total discharge, 260 feet at the 
mouth of the Pass a I'Outre which carries one-fourth of the 
charge, and it was formerly 100 feet at the mouth of the South 
Pass, discharging only one-tenth of the flow. The normal depth 
over the bar of the South-west Pass is 13 feet, which was increased 
for a time by dredging to 18 feet ; and this formed the only n 
gable outlet of the Mississippi for some years previously to 1876. 
The bar, however, of this pass is 5 miles Vieyond its outlet ; whereas 
the bar of the South Pass was only 2^ miles from the end of the 
pass, though the depth over it was only 8 feet. A littoral current 
flows from east to west in front of the delta, mainly due to the 
prevalent easterly winds. 

The slope of the sea-bottom in front of the Mississippi deltA 
approximates to that of the Mediterraneiin Sea to the south of tlw 
Khone delta, but has about four times the inclination of the bed ol 
the Blact Sea in front of the Danube delta. 

South Pas» Jettieg.—The South-west Pass outlet would have beeu' 
preferred for improvement by training- works, as besides the gri 
depth over its bar, this pass possessed a better navigable chans^' 
through the delta ; but the distance of the bar from the shore, 1 
compared with the South Pass bar, led to the selection of the SoutK' 
Pass outlet from motives of economy as in the case of the SulioA 
mouth.' Two parallel jetties, formed of fascine mattresses^ 

' "A HiBtorj of tho JetlicB at the Mouth of the MiBsiBBippi Eivcr," 
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weightecl with, concrete blocks at tlieir outer ends, and placed 
3,000 feet apart, were carrieit out 2^ and I( miloB, in 1876-79, in 
proloDgation of the Sooth Pass as far as the bar, Fig. 8, Plate I, 
and Fig. 10. They terminate together in 30 feet of water, having 
been curved slightly towards the south p, ,^ 

at their extremities, so as to bring the 
discharge more directly onder the in- 
fluence of the littoral current flowing 
from east to west across the ends of 
the jetties. The low-water stage of 
the jetty channel has been further 
regulated, and the scour in the centre 
increased, by an inner line of mat- 
tresses on each side. These training- works soon removed the bar, 
and increased the depth in the outlet channel to 31 feet ; and 
the required depth of 30 feet was continuously maintained from 
July 1879 up to April 18(11, Fig. 9. The concentrated current has 
in fact brought the lighter alluvium under the influence of the 
littoral current, and has rolled the heavier sediment into deep 
■water beyond the outlet. This sediment, however, is gradually 
accumulating seawards of the jetty channel ; and within a fan- 
ahaped area of 1^ square mile in front of the outlet, the decrease 
in depth between 1876 and 1892 reached over 13 feet on the 
average over the whole area, equivalent to an annual shoaling of 
rather more than 9 inches.' The shoaling, moreover, is becoming 
more rapid, for in the first four yeai^ it was only 1 foot, whereas 
in the last four years it amounted to 4 feet. The accumulation is 
greatest in the outer zone of the area, between 4,000 and 6,000 feet 
beyond the jetties, and also on the western side, to which the sedi- 
ment is deflected by the littoral current. The advance of the lines 
of soundings also indicates the progress of deposit in front of the 
jetties, which esteuds considerably beyond the limits of the area 
surveyed annually. The maximnm advance has taken place in the 
70-foot line since 18TT, amounting to an average annual progression 
of 104 feet ; but the 100-foot line, the limit of the yearly observa- 
tions, is advancingat the average rate of 81 feet a year, and extends 
now 7,700 feet beyond the ends of the jetties, indicating how far 
FBt the shoaling must prevail. This deposit is gradually raising 
^lopeinfrontof the jetties ; and there are already indications 
mencement of the growth of a bar near the outlet. 
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Fig. 9. The depth of the jetty channel has, indeed, on two 
occasions during the last two years, fallen helow the standard depth 
of 30 feet, namely for eleven days in 1891, and for a month in 
1892 ; and though the deepest, circuitons easterly channel beyond 
the ends of the jetties has jiist maintained a depth of 30 feet, the 
depth in the direct prolongation of the jetty channel was only. 
26'4 feet during July 1891, and had to be deepened by dredging. 
Accordingly, to maintain the 30-foat depth in a navigable channel 
in front of the jetties, it wtll become increasingly necessary to 
resort to dredging ; and before long a prolongation of the jetties 
will be required. 

Cone! iieiong from EemUs of WorJcg at Tideless Oittlelg. 

The results of the training- works at the outlets of tideless tivera, 
just described, prove the influence exercised by the dip of the b 
slope in front of a delta, by the action of any littoral current, and by 
the volume and density of the alluvium brought down, on the 
extent and permanence of the improvement in depth effected by the 
training- work a. If the sea-elope is very flat, so that the depth 
is shallow for a long distance out, as in the Caspian Sea in front 
of the Volga delta, and no littoral current exists, it is impossible 
by training-works of reasonable length to convey the deposit into 
deep water, so that any improvement eflected under such t 
ditiona is very transitory, even when the proportion of alluvium 
is moderate, as in the case of the Volga. Such an outlet is only. 
capable of very limited improvement of depth by dredging, do-' 
pending on the width of the crest of the bar, and the expenditure 
on dredging which the prospects of an improved navigation may 
justify. 

The relative permanence of the depth obtained at the SuliiiA 
mouth, compared with the South Pass outlet of the Miesiisippi^ 
shows that a littoral current exerting a powerful erosive actioD^ 
combined with an alluvium comparatively moderate in volume 
and of low specific gravity, as in the case of the Danube, though 
with only a moderate dip of the sea-bottom iu front, may prove 
more favourable to the maintenance of an improved depth than 
a considerably steeper sea-slope accompanied by a feebler littoral 
current, and a larger volume of allnvinm in proportion to the 
discharge of notably greater density, such as exist at the Missis- 
sippi outlet. 

The success achieved in deepening the channel over the bar, 
both at Sulina and the South Pass, manifestJi the advantage, a 
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well as economy, of improving one of the minor outlets, proviiled 
its delta oLannel can be made to satisfy the requiromenta of 



The ttlluvium of the Rhone appears to lie heavier than that 
of the Mississippi, as might have been anticipated from its origin, 
and is, indeed, indiuated hy the steeper sea-slope of its bar. Figs. 9 
and II, Plate 1 ; bnt in other respects the physical conditions at 
the Rhone delta approximate to those of the South Pass, for the 
elopes of the sea-bottom in front are similar ; and whereas the 
proportion of allnviuin to the discharge ia slightly the largest in 
the Rhone, it is probable that the littoral cnrrent along the 
Mediterranean coast ia stronger and extends deeper than in the 
Gulf of Mexico. Accordingly, though the density of the Khone 
alluvium would have prevented training- works producing equally 
snccessful resulta at the outlet of the Ehone as at the South Pass, 
the training of one of the southern outlets of the Ehone, without 
obstructing the flow through the other mouths, would doubtless 
have notably improved the depth over the bar of the trained 
channel. The Khone training- works, however, as carried out, 
demonstrate the fatal consequences of selecting an iinfavourably- 
eituated outlet for improvement, and of concentrating the whole 
volume of heavy alluvium into the channel intended for naviga- 
tion. Probably, the foresight and perseverance of Sir Charles 
Hartley, in urging the construction of training- works for the 
improvement of the navigable outlet of the Danube, in preference 
to dredging or a ship-canal, alone prevented the failure of the 
training- works at the mouth of the Rhone from postponing for a 
long period the adoption of the only system by which the oiitleta 
of silt-bearing rivers flowing into tideless seas can be very effectu- 
ally improved. 

3. Traimsg of Tjdal Riveils. 

Jle tide flowing into a river, by largely increasing the volnme 
water in the river, and by reversing the current twice a day, 
introdnces modifications into the problem of river-training. Ad- 
mitting that the great value of the tidal ebb and flow in main- 
taining the outlet of a river, and increasing its navigable capa- 
bilities, has been fully established,' it follows that no impediment 

' Minnleg of ProceeJinga Inst. C.E., vol. ixs. p. 18; "Rivprs noil Oannla," 
T,. F. Vermm-natcoait, pp. 229-236; "Hie Phyeical ConilEliona sffecling 
Tidal Rivera, and the Principles applica,b!e to tlieii Improvement," L. K. 
Vernon-Hsrcourti Haacheatcr Congress on Inluml NBvigalUln^ 1S90. 
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should be offered to the influx of the tide to its fullest exteni 
Accordingly, the width between the training- walls regtiktinj 
the channel should be gradually enlarged in descending towards 
the sea, so that the volume of tidal water flowing up past any 
point may be sufficient to fill completely the whole of the tidaD 
channel above it. The widtli, moreover, should not be reduced 
across shoals in order to increase the depth by scour, for any 
narrowing of the trained channel checks the influx of the tide, 
and reduces the volume of the ebb ; whilst the material scoured 
from the shoal would be liable to be deposited at the month; and' 
dredging must be resorted to in such cases for regulating the 
depth. Indents, however, drawing off the flood-tide in its progress 
lip the river, and secondary chunnela diverting a portion of the 
ebb from the navigable channel, may he advantageously shut off, 
BO as to concentrate the flood and ebb into the main channel. la 
a wide, winding tidal river, the ebb and flood tides tend to form 
different low-water channels, for the ebb-tide follows the course 
of the current of a non-tidal river close along the concave banks, 
crossing over from one bend to the next ; whereas the flood coming 
up in the reverse direction, assumes a straighter course between 
the bends. The main low-water channel is that of the ebb, and 
is continuous; whereas the flood-tide channel terminates abruptly 
at low water at its up-streajn ead. This divergence of action 
reduces the available depth of the river ; but longitudinal training- 
walls would have to be bronght unduly close together between 
the bends to make the two channels coalesce. Dipping cross-dykes 
suitably placed in the bed of the river, and not raised above the 
shoals, would probably prove the most effective method of directing 
the two channels into one, for dredging through the shoal sepa- 
rating them could only furnish a temporary remedy, 

Training the Siver Maasfrom Eotlerdam to ilie Sea. 

The outlets of the Ehine and the Maas, intersecting the sonth- 
ern part of Holland by a number of branches, present a great 
similarity to the deltas of rivers flowing into tideless seas ; but 
they differ from delta channels in two important particulars. In. 
the first place, there is a distinct rise of tide in the North Sea in 
front of these outlets; and this rise, though small, averaging about 
5^ feet at the mouth of the Maas, flows some distance up these 
branches, which have very little fall as they traverse very flat 
low-lying land. A rise of tide, however, does not necessarily 
prevent the formation of a delta, with its accompanying obstacles 
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to Qavigation, as exemplified b; the deltas of the Ganges and 
Iirawaddi, where the great volume of fresh water charged with 
alluvium overpowers the tidal flow. The large espanse of flat 
alluvial boU, moreover, and the Diimeroua chaaneLs at the outlets 
of the Ehioe and Maas, indicate that at some former period these 
rivers protruded a delta into the North Sea, The sea, however, at 
the present time, tends to encroach upon the coast-line of the 
ancient delta, so that no accumulation of alluvium is taking place 
at the outlets. The Maas, aocordingly, must be regarded as a 
tidal river; and the deterioration which has occurred in the 
northern outlets within the last two centuries, is attributable to 
the large reclamations that have taken place, and the tendency of 
the flow of the river to follow the southern outlets where tie 
tidal range and scour are greater. 

Traiviag of the Srheur Braju-h, teith Tfeie Month. — The works 
designed by Mr. Caland in 1868, and carried out in 1863-76, have 
"been described in a previous Paper.' They consisted in regulating 
the river by longitudinal training- walls, with a gradually widen- 
ing channel nearly to the sea ; the cutting of a new channel 
across the Hook of Holland, to straighten, shorten, and deepen 
the outlet ; the closure of the old outlet channel ; and the con- 
straction of two nearly parallel fascine-mattress jetties, over a mile 
in length, in continuation of the new channel across the sandy 
foreshore into deep water. Fig. 12, Plate 2. These works provided 
a much shorter and deeper approach to Rotterdam than the cir- 
cuitous channel by Hellevoetsluis and the Vooroe Canal ; hut the 
maximum depth at high water over the bar at the entrance was 
barely 20 feet, in place of 23 feet which had been anticipated. 
As pointed out by the Author in 1882, this deficiency in depth 
must be attributed to the widening of the new cut having l>een 
left to the natural scour of the river, resulting in the deposition in 
the jetty channel of a large portion of the material secured from 
the cut, and also to the inadequate width of the new cut checking 
the influx of the tide, and the loss of a portion of the ebb-tide 
diverted into the Old Maas nearly opposite the Vlaardingen, 
through the channel giving access to the Voorne Canal,* The 
Author also expressed the opinion that it would be quite possible 
to remedy these defects, by " placing gates across the branch 
channel leading to the Voorne Canal, by enlarging the width of 
the new cut, and by removing the accumulations of sand between 

' SUnnleB of Ptoceedinga Inst, C.E., vol. Iix. pp. 24-28, ami Plato 3, 
Tigs. G, 7, Lind 8. 
' Ibid, vol. Isi. rP- 26, 27. 
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the jetties by dredging." ' The Datch engineers in charge of the 
works appear to have held similar views, for, since 1882, worksoo 
those lines have been carried out. and are on the eve of oompletioii- 

Additional Works in the Scheur Branch of the itfans.— The improve- 
ment works for securing the rei[iiiaite depth up to Eotterda'* 
were commenced in 1882, by the construction of a low traini^S' 
l(unk 220 yards to the north of the sonth jetty, thereby contrsv*;*^ 
ing the width of the jetty channel to that extent. Fig. 1 2, Plate '^^ 
The new cut has also been gradually excavated to the prol^ 
width, to correspond with the narrowed jetty channel, and i 

banks protected by fascine works; and the adjacent char**"^ 
above has been similarly widened,^ Dredging has also V^^ ^ 
extensively nsed for deepening the channel between the jett*- ^__^ 
and out to deep water. In 1S86, the rectification of the narrC^ 
curved channel near Maassluis was commenced, compriaii ~^ 

cavation for widening, and modifications in the traiuing- 
The width of the entrance to the Koordgeul, the branch by wht. ^ 
a considerable volume of the ebb-tide escaped into the Old Ma^^ 
has been reduced from 1,070 feet to 230 feet, so that now most ^ 
the ebb current which flowed away by this branch is retained i* 
the Schenr branch, and increases its scour. 

Si'gulig of the Maag Training- Works. — These works have completecl 
the improvement which the original works inaugurated. Fig. 13, 
Plate 2 ; and the value of the new waterway is manifested by the 
remarkable development of Rotterdam within recent years. The 
slightly diverging jetties, being kept low, offer no irapediraent 
to the complete tilling of the river by the flood-tide, whilst direct- 
ing the scouring action of the latter half of the ebb-tide. The 
training, moreover, of the river in a gradually enlarging channel, 
produces nniformity in the flow, and enables the ebb current, 
reinforced by the large fresh-water discharge, to maintain the 
depth attained by dredging. The minimum depth in the fairway, 
330 feet wide, throngh the jetty channel and out to sea, whiah 
was 10 feet at low water during 1882, was increased to 23| feet 
by 1891. The maximum draught of the vessels which conld 
navigate the old route was Iti^ feet; and the journey between 
Eotterdam and the sea generally occupied eighteen hours. In 
1882, vessels with a maximum draught of 19J feet could get up to 
Eotterdam by the new channel ; whilst vessels drawing 25 feet 
i could go to Rotterdam in 188S, and there is now a fairway to sea 

' "EiTBra and Canala," L. F. Vernon-Hnrcoiirt, p. 277. 

' " Amdliowtion lie la Voio Fluviale do BcHliTdwu !i la Mlt." J. W. Wcltker. 

" Congrfee Inlcnutioual de Navigntion intwifurc, Putia, ItJiti. 
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beyond the jetties, 420 feet wide, irith a minimam depth of 2S^ 
feet at high tide. Vessels, TOOreoTsr. can now reach Itotterdani 
iVom the sea ia two hours. No vessel drawing 23 feet got np to 
Itotterdani before I88l>, whilst 95 came np in 1891 ; and whereas 
t^hie Qiimber of vessels of 18 feet draught navigating the Scheur 
TaTaiich was only C5 in 1882, it rose to 1,245 in 1691. Altogether, 
X>etween 1879 and 1891, the nmnber of vessels trading with Kot- 
■t«irdara increased from 6,950 to 9,4iK» ; and the total tonnage was 
xaaore than doiililed in the same period. 

The total cost of the works, from 18(53 to the close of 1893, has 
.nted to ahoEt £2,935,000. 






Training- Worh at the Mmlh of the Aduur 



Former Cofidition of the Admir Oullpt. — As the mouth of the Adour ia 

■islose to the angle formed by tlie coasts of Traiice and Spain, in the 

i :»3.Dermost recess of the Bay of Biscay, where deep water approaches 

■t"lie shore, it ia exposed to the full force of the violent seas which 

"fc»eat upon that coast, especially during north-westerly gales. The 

"Xjivaves constantly tend to heap up the beach in front of the mouth 

«z>f the river, which is only partially prevented by the ebbing tide 

^nd the fresh-water discharge; so that formerly, like the River 

~5^are in Norfolk, the outlet of the Adour shifted considerably at 

times, having been diverted 18J- miles to the north of its present 

position about the year 1450. The river was brought back to a 

straight course in 1579, by cutting a new channel between Bayonne 

and the sea, and barring the existing channel, which afforded a 

uiiich improved depth over the liar ; but the channel was soon 

deviated to the south by the travel of sand and gravel from the 

north, and the depth at its outlet deteriorated.' 

Traiiiimj-Wiirks. — At length, in 1731— tl, the outlet channel was 
fixed by high solid masonry training- walls on each side, 900 feet 
apart, which temporarily increased the depth over bar to 20 feot at 
high tide ; bat soon the bar formed again further out, where the 
issuing current lost its scouring influence. With a view of 
increasing the scour over the bar, the outlet-channel was gradually 
narrowed and prolonged by low training- works ; but though the 
outlet remained fairly stable, the bar and the coast-line merely 
progressed seawards with the training-works. 

In 1859, the training- works were again prolonged by partially 
open timber jetties, resting on rubble mounds raised to within 

' '■ PorU Maiilimea de la. France," vol. yi. p. 936, 
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6^ feet of low water ; and on the impending destmction of the 
tirril>or-work by tlie sea-worm, iron cylinders, 6J feet in diameter, 
Blink by compressed air, were adopted in 1867, and eventually 
replaced the timber jetties ; ^ and they are now being slowly 
extended seawards, the soathem jetty having been prolonged 
200 feet since 1881, Figs. 14 and 15, Plate 2. Intervals of 10 feet 
have boon loft between the cylinders, which were originally intended 
to be clf^ed by sliding panels whenever it might be expedient to 
conf;entrato the current ; but these panels were costly, difficult to 
work, and wore out rapidly, so that at present, the cylinders 
and tlio low nibble base on each side, alone direct the current.* 
The of)ening8 wore left in the jetties with the object of preventing 
the progroHsion of the foreshore. 

lifiHiiliH of the Adour Training-Works, — The increase in the mini- 
mum depth over the bar produced by the jetties, as compared with 
the depth in 1857, has generally varied between IJ and 2 J feet, 
though it occasionally has attained 4 feet. Thus the minimum 
depth over the bar, at high- water spring-tides, was 17^ feet in 
1800-70, 18i feet in 1861 and 1885,20 feet in September 1886, and 
1 7 feet in July, 1 892, in place of 15;J feet in 1857, the rise of ordinary 
spring-tides above the lowest low-water being 10 feet 10 inches, 
Fig. 16, Plate 2. The foreshore, however, has advanced, especially 
ufKm the north side. Figs. 14 and 15, Plate 2 ; the bar has moved a 
little further out ; and the sandy beach, coming through the open 
jetty from the north, has encroached upon the jetty channel. The 
most important benefit, accordingly, effected by the training-works, 
consists in securing the stability of the outlet of the river. The 
increase in depth, however, at the mouth, though moderate aad 
variable, and the extension of the port of Bayonne, have been 
accompanied by a steady increase in the trade of the port, the total 
tonnage of exports and imports having risen from 147,800 tons in 
1877, to 555,600 tons in 1892, a remarkable development in the 
foreign imports having commenced in 1883. Vessels of 2,100 tons, 
drawing 18 feet of water, have come up to the port within recent 
years, for a deeper channel generally exists to the south of the bar, 
whose crest is sometimes directly in front of the jetty channel, as 
was the case in 1892. The increase in depth over the bar, moreover, 
not only ensures a deeper entrance channel, but also reduces the 
surf on the bar, and therefore diminishes one of the perils of the 
approach. 

* Minutes of Proceedings Inst. C.E., vol. Ixx. Plate 3, Fig. 5. 
2 *'Les Jete'es k Claire-Voie de rEmbouchure de TAdour," A. Stoecklin, 
Congrbs International dcs Travaux Maritimes, Paris, 1889, p. 6. 
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Diea-leantageg of the Design. — -The comparatively small improve- 
tnent in depth achieved by the jetties, must be attributed in some 
measure to the system adopted. As pointed out in a previous 
I*aper,^ the narrowing of the outlet-channel, from a width of about 
1 ,000 feet above, to 650 feet between the jetties, in a river with a 
Bmall basin and a fair tidal rise at the mouth, was a mistake, for 
it necessarily cliecks the tidal influx, and consequently lessena the 
tlischarge on the ebb. The rise of spring-tides, indeed, is actually, 
On the average, about 4 feet less in the river than in the sea 
outside, of which only Ij foot is due to the slope of the low-water 
lino ; so that 2*^ feet of tidal rise are excluded from the river 
by the works, equal to over a fourth of the tidal range. The 
open jetties, moreover, at the seaward end of the training- works, 
cannot direct the ebb current like solid banks, and enable the 
foreshore to protrude into the jetty channel without arresting its 
advance. 

Better results would doubtless have been obtained by gradually 
enlarging the width between the training- works from Bayonne to 
the sea, so as to admit the full volume of tidal water into the 
river, and by extending the works beyond the bar, which could 
then have been lowered by dredging. In view, however, of the 
exposure of the site, a mora sheltered entrance could have been 
provided by constructing two breakwaters, starting wide apart 
from the shore, and converging towards the outlet beyond the bar, 
in place of the jetties, which though more costly would have 
maintained the depth better at the outlet. The experience of 
solid structures projecting from the coast, at the mouth of the 
Maaa, Ymuiden, Tynemouth, and elsewhere, indicates that the 
shore-line, though advancing at first, reaches a position of 
equilibrium before approaching the ends of the piers. 

» Training the Hiver Newion from Bilbao to the Sea. 

The Kiver Nervion, which affords the port of Bilbao access to 
the sea, baa only a small drainage-area, and enters the Bay of 
Biscay though a small bay, which, enlarging to a width of about 
3 miles at its outlet and facing north-west, is exposed to the full 
force of the Atlantic waves rolling in from that quarter, so that 
vessels do not anchor in the bay except in the finest weather. The 
mouth of the Nervion, accordingly, is subject to conditions very 
^_ similar to those of the mouth of the Adour ; and the sea formed a 
^BAc Kcross its mouth, over which, in 18T8, there was a maximum 



' Miuiitca of Prueetiiings lust. C.E., vol. Ixs, p. 20. 
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depth of only 3j feet at the lowest low-water, 10^ feet at bigh 
water of the lowest neaps, and 18J feet at high water of aqninoctia-l 
springs, the tidal range heing 9 feet at a meau tide, and 14| faot 
at equinoctial springs. Figs. 17 and 18, Plate 2. Moreover vosaels ' 
drawing more than 9 feet could not go up to Bilhao, which is aboa t 
from the month of the river. Sea-going Tessels | 
are obliged to load and discharge at Portngaleb^ 
to the mouth of the river, thereby greatly impeding th.^ i 
trade of Bilbao, which nevertheless tended to increase, owing 
mainly to the large esport of iron ore. 

Eerjulali'm and Training of the Siver Nereii)n.-~Th.e first worl fo* 
improving the river below Bilhao was commenced in 1878j 

Fig. 19. 




RiTEB Nebtion at a a OS Plan. 



Qonsisted in the substitution of a etraighter channel for a very sharp 
bend in the river just above the confluence of the Eiver Cadagua, 
which, running close under Mon te Cabraa, waa the cause of frequent 
accidents to the shipping. Tha new channel was excavated across 
the bend away from the hiU, and was guided and protected by 
training-works on each side ' ; and the abandoned portion of the old 
channel was filled up, the work being completed in 1883, having 
comprised a good deal of excavation in rock, dredging, 400 yards of 
quay-wall, and other works, Fig. 17, Plate 2, and Fii?. 2( above. New 
works for the systematic improvement of the river from Bilbao to 
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the laar were commenced in 1 880. They consisted in the regulation 
of the river at awkward bends, and along wide reaches, by training- 
works and dredging. Fig. 17, and Figs. 19 and 20; the formation 
of rivet quays i and the concentration of the scoar of the ebbing 
current by the prolongation of the old Portugalete jetty on the 
Tveat side of the mouth, for about 880 yards, with a slightly concave 
bend towards the channel, out beyond the bar into a depth 
of 3 fathoms at the lowest low-water,' Figs. 17 and 18, Plate 2. 
These works are now completed, the river having been trained in 
a gradually enlarging channel from Bilbao to the bar, thereby 
ensuring the free admission of the tide. The extension of the 
letty, carried out in 1881-91, has been built, for the inner 620 

rds, of a concrete wall, founded at low-water level on a nibble 
Fig. 22. Fig. JH. 




mound rising to within a foot of the highest high tide, and 
surmounted by an open viaduct resting on screw piles, which 
gives access to the solid pier-head protected by a parapet. Figs. 22 
and 25. 

It is proposed to shelter the inner portion of the exposed hay 
into which the River Nervion flows, by two breakwaters projecting 
from the coast on each side, and situated so as to form a sheltered 
entrance facing the north-east shore of the bay, in an average 
depth of 7 fathoms. Fig. 17, Plate 2, and Fig. 24. The south- 



' " Memoria qne manifieata el Efltftdo y Prcjgrpso <ie loa Obraa de Mejora da 
UBia de BiibfU), 1888-89 y ISSO-Sl," E. dc Cliurruoii; aud Aaalea de Obras 
Publipaa. vol. si., Madrid, 1883, 

£tHE INST. C.E. VOL, CiVlll.] D 



34 VERNON -HAUCOnilT ON THE TRAININO OF EIVEItS. [Minutciof 

weBtem breakwater i§ in progrese,' and when tte worts are com- 
pleted, a nmch needed sheltered anchorage-ground and approach 
to the river will be provided for vessels trading with Bilbao, u 
well as a harbonr of refuge. 

These works as a whole present some resemblance to the Kirer 
Tyne improvement works, in the training of the river and the 
onter harbonr. The Eiver Nervion, however, has not been 
systematically deepened by dred^ng like the Tyne; whilst ilal)ar 
has been lowered withont the protection of the breakwaters out- 
side. Nevertheless, thongh these breakwaters do not constitate 
an absolntely essential portion of the river improvement works, 
they will be very nseful in preventing the drift of the beaeh 
across the outlet of the river, and in protecting the mouth irom 
the beapiog-up action of the waves. 

Besults of the Nervion Traininrf-Worltg. — The regulation and 
training- works, aided by dredging, have formed a channel with a 
minimum depth of about 12 feet at the lowest low-water, and 21 
feet at the highest springs, from the sea up to Bilbao; and tlia 
depth over the bar has been increased nearly 12 feet, Fig. 18, 
Plate 2. This haa been accompUehed at a cost of about £412,000; 
though additional expenditure haa been incurred in buoying, 
electric lighting, cranes, and dredging the Axpe basin, as well M 
the breakwater in course of construction.'^ 

The trade with the port eshibits a considerable increase sinoB 
the commencement of the works, the exports and imports haying 
risen from 1,340,400 tons in 1878-79, to 4,519,170 tons in 1891-92, 
a maximum of S,038,400 tons having been reached in 1889-90. 
Whilst, however, the increase in imports, from 144,977 to 764,568 
tons, haa been fairly steady, the main increase in the exports, 
from 1,195,422 to 3,764,604 tons, was reached in 1882-83. 

ComparigoR of the Nenion with the Maas. — The width of tha 
trained channel of the Nervion is only about a quarter of that of 
the Scheur branch of the Maas, which is drawn to half the scale of 
the Nervion and of the Adoar on Plate 2 on account of its much 
greater size. The principles, however, on which the works were 
designed were similar in the two cases ; and the execation of tha 
works has been attended in both rivers with very satisfactory 
results. Pigs. 13 and 18, Plate 2. The much smaller freshwatw 
discharge of the Nervion haa been compensated for by a larger 

1 " Mcmoria quo manlficefa cl Eatado j Frograno do lea Obnis de Mejoia de 
la Ria de Bilbao. 1891-02," E. de Chnrruca, Plate. 

' " Memofia que manitieata el Eatado y Progresa de lea ObraB de Mejora da 
la Rift de Bilbao, 1891-92," E. de Churruca, pp. 16, 17. 
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tidal rise, and a steeper sea-slope in front of its outlet. The 
exposure of the mouth of the Nervion is considerably greater than 
that of the Scheur branch outlet; and though the Nervion outlet 
is not situated so directly on the coast of the Bay of Biscay as the 
Adour, much of the greater auecesa achieved by the training-works 
on the Nervion must be attributed to their closer accordance witli 
tlie principles that should regulate the improvement of tidal rivers 
than the works of the Adour. 

k4. Training-Works is Tidal Estuaries. 
training the outlet-channel of a tidal river through a sandy 
estuary, the maintenance of the tidal capaci ty by the free admission 
of the tide, and its increase by the lowering of the low-water line, 
have equally to be aimed at, as in the case of a tidal river flowing 
straight into the sea. The existing channel, however, of an 
ordinary tidal river affords some indication of the suitable width 
and rate of enlargement of the trained channel ; whereas a wide 
irregular estuary furnishes no evidence of the enlargement sea- 
wards requisite for the trained channel of a river through it. 
Nevertheless, some guidance may be derived from the rates of en- 
largement of the estuaries of rivers possessing good outlet-channels, 
and from tidal rivers trained with satisfactory results. Though 
the rate of enlargement, even in tidal estuaries possessing the best 
channels, is irregular, it appears to range on the average between 
I in 90 and 1 in 30, being more rapid in the high-water channel 
than in the low-water, increasing on approaching the sea, and 
beooming very rapid close to the outlet.' The rate of enlargement 
in the trained channel of the Maas, between Schiedum and the 
month, averages about 1 in 77, of the Clyde from Kenfrew to 
Dumbarton 1 in 71, and of the Tyne from Newcastle to its moutii 
1 in 7i. This rate should vary in proportion to the rise of tide, 
and the distance to which the tide is propagatod up the river; but 
probably in most cases the suitable rate of enlargement seawards 
would be found to lie, on the average, between 1 in 80 and 1 in 40, 
with a more rapid widening near the outlet, 

Eivera have generally been trained through estuaries in a com- 
paratively narrow channel, in order that, whilst fixing the 
jireviously wandering channel, its depth may be increased by 
Bcour ; and it has been assumed that these training- works would 

' " The PhyBioal ConditionB afl'eiiting Tiilal Rivers, ami tbe Principles 
»ppli(!»ble to iheic loijirOTenient," L. F. Vtmou-Harcourt, Mn,Qchealer lulaad 
linvigatioa Cougrt^UB, IHW, p. 10. 



30 TEENOK-UAKCOUBT ON THE TBUNINO OT BITEBS. [Miaatud 

prodnce do silteratioa in the tidal capacity of tbe estuary outside 
the trained channel. Tlie Lrainiug- walls, moreover. Lave been 
raised to Lulf-tide level or higher, to ensure an adequate sconi in 
the chaonel ; whilst it has occasionally been supposed, as in the 
case of the Rilible, that the scour produced by training-walls, termi- 
nating at some distance from deep water, would suffice to form > 
good channel ont to sea. 

If no alluvium was brought in by the flood-tide, or carried down 
by the river, training- works through an estuary would prodnM 
wholly beneficial results, provided they did not at all check the 
inflow of the tide ; but unfortunately this is not generally the 
case. The flood tide usually enters an estuary charged wili 
alluvium stirred up by waves from sandbanks, or eroded from 
the beach and cliffs ; and large rivers of u torrential character 
commonly bring down considerable quantities of material &om 
inland. Accordingly, most estuaries only remain in. their ap- 
proximate state of equilibrium so long as their natural ooudition 
ia not interfered with; and their wandering channels, thongh 
impediments to navigation, stir up periodically and disperse the 
accretions which would otherwise accumulate, and would reduce 
the tidal capacity of the estuary. Directly training- works are 
introduced, the existing equilibrium is disturbed by the fisdng of 
the shifting channel, which concentrates the main tidal flow and 
ebb into the trained channel, aud leads to deposit of sediment 
the slack water at the back of the training-walls, and even at the 
sides of the estuary in advance of the walls, resulting eventually 
in a considerable reduction in the tidal capacity of the estuary at 
the sides of the trained channel, which is only very partially 
compensated for by the lowering of the low-water line in the channel 
itself- These considerations show how vital to the due maintenanoe 
of the outlet is the correct enlargement of the trained channel 
through an estuary, to which hitherto too little attention has been 
paid. Experience, moreover, has proved that the deepening effects 
of training- works extend very little beyond their extremities; and 
therefore it ia essential fot securing a good channel to the st 
prolong the training- walls to deep water. 

The Eiver AVeser furnishes an instance of training- works 
couatructod systematically along a tidal river, in which the rata 
of enlargement of the channel has been determined with special 
care with very satisfactory results, and where the training- works 
are being extended into the estuary. The River Loire illustrates 
the influence that training-works may have, under certain con- 
ditions, in deteriorating the estuary below them, by the deposit 
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of material "brought down by the river. Lastly, the Seine estnaiy 
©xbibitB the results of forming n narrow trained channel in a wide 
«8tnaryinto which the flood- tide brings large quantities of alluvium, 
and of terminating the training- walls some miles short of the open 



Trainhg-Woi-Ics in the Lower IV'cbw. 

The Eiver Weser drains an area of 18,600 square miles, and has 
a, total length of 440 miles, including the course of the Werra; 
though the name Weser is confined to the portion of the river below 
Munden, formed by the confluence of the Werra and the Fulda. 
Bremerhaven is situated at the head of the estuary, through whioh 
the river flows into the North Sea about 36"^ miles distant. Fig. 25, 
Plate 3. The tidal influence formerly disappeared at Bremen, 
42 miles above Bremerhaven where the average rise of tide 
is 10 feet 10 inches, the tidal rise at Heligoland, beyond 
the combined estuaries of the Elbe, the Weser, and the Jade, 
being only 6 feet,' The average fresh-water discbarge of the 
Weser at Bremen is 387 cubic yards per second, the summer low- 
water discharge 196 cubic yards, and the maximum flood discharge 
about 5,200 cubic yards per second. 

Trahiing-Woris and Dredjiiig in ifie Weser. — The works which 
liive been carried out froyi Bremen to Bremerhaven since 1887, 
Under the direction of Mr, Franzins, consist in training the river 
by fascine mattresses in straightened high-water and low-water 
channels, progressively increas- 
ing in width seawards in the iig.DO. 

form of a trumpet, and dredging 

between the training-walls, so 

as to obtain an increased depth, 

figs. 25 to 29, Plate 3, and 

Fiff. 30. In carrying out the ■^^' 

training -works, benda have '^'-~- 

been eased and double channels 

Suppressed, so as to facilitate the 

tidal flow and ebb, and to con- TuAiyisG-WALL, K.vkr Wmbb. 

centrate the waters in a single 

channel. The width of the low-water channel baa been made 

sufficiently large to allow of the free passage of the current in it 

from a little before to a little after low-water, without being wide 
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very irregular, varying at Nautee between the extreme liinitB of 
I CI) cubic yards per eecood in dry years, and 7,tj00 cubic yards per 
Beoond in exoeptional floods; and it brings down large quantities 
of heavy alluvium, mainly eroded from its banks. Owing to its 
deficiency in deptli for long periods during dry weather, the river 
IB very little used for navigation above Nantea, though its lateral 
canal between Koanne and Eriare accommodatea a large traffic. 
The tide really extends up to Mauves, 9 J miles above Nantes; 
but Nantes is regarded as the boundary between the lower and 
the tidal Loire.' The rise of tide at St. Nazaire, at the mouth 
of the Loire, is 1 6i^ feet at springs and 7a feot at neaps, 
Fiff. 34, which is reduced at Nantes to 6 feet at springs and 
3^ feot at neaps during a low stage of the river ; but during 
average floods of the river, the tide only reaches Le Fineaa below 



Fig. H4. 
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TniAL DiAOIUM, SpBING-TniES, ElVER LOIRB, 1S76. 

La Martiniere, and in very great floods the flood-tide current i*' 
only found near the bottom at St, Nazaire. The alluvium in the 
channel above low water consisted formerly of marine deposits 
np to Eaase-Indre, and of sediment brought down by the river 
higher up. 

Training- Worhs helow Nantes. — Proposals for improving th» 
Loire, in order to render Nantes accessible for large vessels, ■were 
made as early aa the seventeenth century ; but the first works 
were carried out in 1756-68, previonsly to which vessels of 8-feet 
draught reached Nantes with difficulty. These works comprised 
the barring of the secondary channels between the various islands 
and the left bank, by submerged rubble dams, from Bouguenais 
down to Coueron, so as to concentrate the main current in the 



.riliiuue do ia Fra 
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cJiannel passing near the right Lanlr, with the object of increasing 
ita depth.' Groynes, also, were coastmcted, projecting into the 
channel along the right bank, with a view of furtlier coutractiiig 
the waterway anil concentTating the current. Coasiderablo accre- 
tions, however, resulted from these works, and no material im- 
provemeDt in depth was effected. 

No further works were executed until, in 1834—40, longitudinal 
training-walls were constructed in places between Nantea and Le 
Pellerin, generally along oue side only, so as to narrow tlie width 
of tlie channel to between 820 and 1,000 feet, and raised to 3;^ feet 
below high water of spring-tides. Even these works, however, 
produced only a very slight improvement in the channel, the 
increase in depth over the shoals by 1850 amounting merely to 
from 8 inches to 1 foot. 

Longitudinal training- walla were again carried out in 1869-65, 
between Kautes and La Martiniere, for a distance of 10 miles. 
These training- walls, placed on each side of the channel, were 
formed of rubble mounds pitched on the face and raised to the level 
of high water of low spring-tides. Fig, 35, Plate 3, and Fig. 36 ; 
and the width between them, of 650 feet at the upper end, was 
increased gradually to 1,000 feet at Le 
Pellerin, a rate of enlargement of about 
1 in 136, Pig. 35. The increase in depth 
effected by these works waa only gradually ; 
obtained, having reached an average of i 
5 feet over the whole length in 1876, 
and 3J feet over the shallowest places. 
Fig. 37, Plate 3; the average depth 
in the navigable channel between the 

training-walls having been 20 feet, and the minimum depth 
l-i| feet at high-water spring-tides in 1876, before the oommence- 
nieut of dredging. The ahoals are found in places where the old 
training- walls have been unaltered, or where side channels have 
been left open for riparian traffic; and they might be lowered by 
tbe completion of the training-walls along the old walls, and 
across the gaps 

The deepening of the trained channel was unfortunately 
attended by a large extension of the sandbanks in the estuary 
below, between Li Martmicre and Paimbcenf ; so that this section 
of the river, which was previously deeper than the portion 
»bovB, foil into a worse condition. Pigs. 33, 35, and 38. This de- 



fig. 3B. 
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terioration was due to the deposit in this part of the estoaiy of 
the material acoxired ont of the trained channel, to the ksB of 
tidal scour by the large accretions which haTe taken place at the 
hack of the training-walls, and to the direct discharge of the 
allnTinm brought down by the rixer into this section of the 
estnary. The mean depth of the navigable channel throogh this 
part of the estnary was reduced firom 20| feet, before the constrao- 
tion of the training-walls, to 18 feet in 1876 ; and the length of 
the shoals over which the depth was under 17^ feet was doubled in 
the same period, whilst firesh islands have been formed, or are in 
course of formation. 

Ship-Canal alongside the Loire Estuary, — As the training-works 
between Nantes and La Martiniere, though improving the depth 
in the trained channel, failed to afford Nantes a good channel to 
the sea, proposals were made to secure the requisite depth 
below La Martiniere by prolonging the tsraining-works, and also 
by a lateral ship-canaL Eventually, in 1879, it was decided to 
avoid the shoaling circuitous channel through the upper portion of 
the estuary below the training-works, by forming a ship-canal 
through the land on the left bank, from La Martiniere to Camet, 
4J miles above Paimbceuf, where a deep channel exists between 
Camet Island and the left bank of the estuary. Figs. 35 and 37, 
Plate 3. This canal was completed in 1892 ; it has a length of 
9 J miles, a bottom width of 78j feet, and a depth of water of 19| 
feet ; and it is closed at each end by a lock, 558 feet long and 59 
feet wide. 

Dredging in the Loire Estuary, — Since 1877, the yearly expendi- 
ture on dredging in the estuary has been £12,000, in place of 
£1,600 previously, the dredging having been mainly carried on, up 
to 1892, in the shallow portion of the estuary between La Mar- 
tiniere and Paimbceuf, Fig. 38, Plate 3, increasing the available 
depth at spring-tides in this portion of the navigable channel from 
13 feet to 15| feet. In 1892, in view of the approaching opening 
of the ship-canal, the expenditure on dredging was increased to 
£22,100 for the year, with the object of gradually deepening the 
trained channel above the ship-canal to about 21 feet below high 
water of spring-tides, and the channel below the outlet of the 
ship-canal to about 24 feet out to deep water. The dredging in 
the section of the estuary superseded by the ship-canal, though 
reduced in yearly volume, will still be continued to a moderate 
extent, in order that the tidal influx may not be impeded, and that 
small vessels may get up to Nantes without having to pass through 
the ship-canal. The influence of the increased depth obtained by 
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dredging is indicated by tlie increased maritime trade of Nantes, 
tlie tonnage of its exports and importB having risen from 358,500 
tons in 1878 to 4:59,100 tons in 1892. 

By means of the ehip-canal and dredging, vesaela of 16j^ feet 
dranght will be able to reach Nantes from the sea in a single tide, 
even at the lowest neaps, which formerly was only possible on 
barely fifty days in the year ; and vessels of 19 feet draught will be 
able to accomplish the passage during spriog-tides and in flood- 

Semaria on the Loire Estuary. — The estuary of the Loire is 
unfavourable for improvement by training- works, owing to the 
large quantities of sand brought down by the river during floods, 
which, together with alluvium brought in from the sea, readily 
deposits at slack-tide in sheltered parts of the estuary. The 
trainiog- walls concentrated the discharge of the river detritus in 
the portion of the estjiary below them, and at the same time 
reduced the tidal scour in this part by causing a diminution of 
tidal capacity above by the accumulation of deposit beliind them. 
The necessity of eventually prolonging the training- works down 
to Paimbcouf, if a navigable channel through the estuary was to 
be provided for Nantea, should have been contemplated at the 
outset ; and the enlargement of the width of the trained channel 
down to La Martiniere should have been made greater. The 
training- works actually constructed merely shifted the position of 
the worst channel lower down the estuary, which has now been 
abandoned for the ship-canal. Dredging, however, will always be 
needed in this portion of the estuary, to an extent sufficient to 
remove all the sediment brought down by the river, otherwise the 
reduction in tidal capacity produced by this deposit, by diminish- 
ing the tidal scour in the lower estuary and at the outlet, would pro- 
duce a reduction in depth both above and below St. Kazaire. With 
the large port of St. Nazaire at the mouth of the Loire, and a bar 
outside, it would be inexpedient to cany out works which would 
impair the efficiency of the estuary as a scouring reservoir, and 
thereby shoal the approach of St. Nazaire. If there was no port at 
the mouth of the estuary, the river might have been advantageously 
trained from Nantes, in a channel gradually expanding to the full 
width of the contracted estuary at Paimbceuf, and its depth in- 
oreased by dredging, for the depth over the bar outside is greater 
than the general depth in the channel through the estuary. 
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Trnining-WorJrs in the Seine Egluary. 

A full description -was given ty the Author in ISS! 
original condition of the estuary of the Seine, and of the i 
produced l>y the training- works carried out, in 1846—69, fi 
Mailleraye to Berville.' It was [winted out that these t ^ 
works, whilst greatly improving the channel between than ^ 
led to large accretions both behind the walls, and also at ^^^ ^ 
of the estuary for some miles in advance of the ends of tl)L^>4 ^ 
and that their influence on the depth and stability of the mp ^ 
ceaKed a very short distance beyond their termination, ' j^ - 
accretions, unlike those in the upper estuary of the Irfsie ^ 
almost wholly due to the materials washed by the sea finjb 
coast of Calvados and brought in by the flood-tide, which ire 
deposit in any sheltered areas in the estuary during slack-lad. 
the Seine brings down very little alluvium from inland, and, ' 
fore is free from one of the disadvantages to which the Xii ^ 
exposed. The training- works, even in their incomplete stftte ^ 
proved a very great advantage to Eouen, which the^ "* 
converted into a sea-port, by removing the obstacle of' ^ 
28 miles of shallow and shifting channel, and by oxteadii^ 4 
water in the river down to Berville, within about 10 mil6ft"i ^ 
sea, so that vessels can take advantage of the good rise ofv "% 
the estuary for the passage between the soa and the trained 3^ ^ 
The exports and imports of Eouen, which had already T^ m 
1,026,100 tons in 1878, only nine years after the completion ^ 
training-walls, have now risen to 2,062,300 tons in the year, ^ 
Bejkieneiit in the Stine Training-Workg. — NotwithstancKt -^ 
greatly improved access to Eouen efi'ectedby these tr&iiii^B)*-M 
they are defective in some respects. In the flrst place, fTlthr ]i 
enlargement of the trained channel, of 1 in 200, is inw^ .^ 
especially considering that practically the high-water oluir 
confined to the width between the training- walla. Second! 
large accretions in the estuary resulting from the 
previously noted,^ which appear not yet to have reacheu 
limit, have considerably reduced the tidal flow and ebb tl 
the outlet, to the prejudice of the maintenance of the full 
Lastly, a shallow, tortuous, shifting channel still exists for !■ * 
below the training-walls, which can only be deepened, straigl ' 

■ Minutes of Froceedinga Inat. C,E., vol. lixxly. pp. 241-52. | 
> Ibiil, vol. Isxsiv, pp. 216, 254-257. 
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made permanent by a prolongation of tbe training- works. 

ifficiency of the enlargement is now fully Tealised ; and a 

lening of the trained chunnel below Qnillebeuf or Tancarvillo 

been introdnced into most of the schemes proposed for the 

ipletion of the training-works. 

Alteraliona in tbe Seine Estuary. — The accretions in the estuary, 

which up to 1875 were mostly confined to the spaces at the back 1 

of the training-walls, have, since tbe filling up of these spacest ' 

eitended down to Harfleur on the right bank, and Honfleur on ■ 

Jflft bank, 8J and 5^ miles respectively below the ends of the 

training- walls, Tlie concentration of the currents by tbe training- 

walla, and by the deepening of tbe channel between La Mailleraye 

aad Berville, appears to have esercised a beneficial influence upon 

(iie depths at the outlet at first, for the charts exhibit an advance 

of the o-metre and lO-metre lines of sonndings into the estuary up 

*" 3875. Since then, however, these linesofsoundingshave receded, 

^ that in 1891 they were 3 and 3J miles respectively seawards of 

"leir position in 1876, and further out than in any previous chart 

■^clt to 1834, This shoaling at the outlet during sixteen years is 

I't'oljably the result of the reduction of tidal scour by the large 

''ocretion which has occurred below the training- works since 1875, 

'^^te outlet-channel through the estuary, as shown on tbe chart of 

1891, after winding past Honfleur, was very nearly barred at low 

'''ater between the Amfard and Eatier banks. 

Schemes for Vie Prolongalion of the Seine Training-Walh. — It is 
iM>w generally admitted in France that a prolongation of the 
training-walls is necessary for remedying the unsatisfactory condi- 
tion of the outlet-channel of the Seine ; but the choice of lines on 
*hich this prolongation should be made has given rise to a variety 
of schemes, exhibiting a wide difference of opinion as to the 
principles on which a tidal river should be trained through a wide 
Bandy estuary. Some only of the schemes were given in the Paper 
on the Eiver Seine,' already alluded to, which had been proposed 
up to 1885 ; and since then others have been presented. Briefly, 
these schemes may be divided into three types, namely — (1) The 
formation of a more or less enlarging trumpet-shaped channel 
between Tanoarville and the outlet ; (2) Training the enlarging 
channel through the estuary in a einuoua form, terminating in 
some cases short of Honfleur ; and (3), Barring nearly four-fifths 
of the outlet by a breakwater from Villerville to the Amfard bank, 
and training the channel inside the estuary by one or two walls. 



' Miuiilca of ProoeediDgs Inst. C.E., vol. Ixjciiv. pp. 217-251, nnii Plate 4, Fig, 9. 
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The first type follows the dictates of experience, in endeaTonring 
to guide the cbannel whilst freely admitting the flood-tide; the 
second aiuia at securing stability in tlie channel by a successioo of 
curves, aa in a winding non-tidal river, where the deep channel 
follows the concave banks ; and the third converts the estuary inlo 
a sluicing basin, to ensure a strong scour, and consequently a deep 
cbannel through the restricted outlet. 

In the first type, the symmetrical form of the trained channel 
tends to regulate the course of the low-water channel ; but it is 
difficult thereby to fix and deepen the low-water channel adequately 
without unduly reducing tlie width between the training- walls. 
The deepening and regulation, however, effected by the training- 
works might be assisted advantageously by dredging, or might 
be completed by training the low-water channel by supplementary 
inner low-water training- walls, or dipping cross-dykes carried out 
on each side from the training- walls to the edge of the low-watm 
channel, which at high water becomes the main navigable channel. 

The theory of the stability and deepening of the channel being 
secured by a sinuous course is based upon the erroneous assumption 
that the flood and ebb tides follow the same course, like the down- 
ward current of a non-tidal river. The ebb current does, indeed, 
follow the same course as the ordinary discharge of a river ; bnt 
the flood-tide, in a wide channel, adopts a straighter course, and 
attempts to form a separate low-water channel, as is amply apparent, 
in the sandy bed of a wide tidal river at low water. 

A great reduction in the width of the outlet of an estuary 
diminishes the tidal rise inside, by checking the tidal influx, and 
is thereby prejudicial both to the depth and maintenance of the 
river above. Moreover, if the rapid flood-current through the 
narrowed opening brings in any sediment, this matter will readily 
deposit when the velocity of the current is greatly reduced oa 
expanding over the wi<lo estuary inside, and the tidal capacity of 
the scouring basin will be gradually diminished. 



HxpaiTnenU on Training-Walh ml.h Woriiiig Modelg. 

On the appearance of fresh schemes for the prolongation of tha 
Seine training- walla subsequent to the reading of his Paper on 
Hiver Seine, the Author felt convinced that no arguiuents could ever 
satisfactorily decide between such divergent opinions, and deter- 
mined to resort to the test of experiment with a wurkingmodelof tha 
tidal Seine. The results of these experimenta have been published 
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sisewhere,' and they confirmed precisely the view stated above. 
The rednctioa of the outlet of the estuary by a breakwater in the 
jKoAti, diminished appreciably the minute tidal rise obtainable, 
'ind reaulKd in the gradual silting-up of the estuary, as well as 
i'))i^e accretions outside the breakwater, and opposite Trouville in 
LJIk model. The sinuous training- walk gave double and very 
'defective channels in the model ; and the only satisfactory results 
Jirere obtained by the trumpet-shaped channel, which, doubtless, 
'mrald have been greatly improved by inner training-works at low- 
water level, or by dredging. The French Government engineers 
ate DOW carrying oat a series of similar experiments at lEoueu with 
a mncb larger model of tlie tidal Seine, as urged by the Author at 
lie Frankfort Congress in 1888, after describing the results 
already achieved by bis experiments then in progress.* It may 
be hoped that these experiments, conducted on behalf of the French 
Government, when completed will still farther elacidate the 
principles of training rivers through tidal estuaries, which the 
Aatbor has endeavoured to de-Juce from his own experiments,' and 
that they inll lead to a snccessfnl completion of the Seine training- 
Experiments on training-walls with a model of the Mersey 
estnaiy have also been described elsewhere,* and the results were 
referred to by the Author in his remarks on the Paper by Mr. 
G, F. Lyster, M. Inst^ C.E., on " Becent Dock Extensions at 
Liverpoal." ■ They indicate that in the case of a. wide inner 
estnaiy separated by a narrow neck from an outer sandy estuary, 
training-works may be injurious in the inner estuary, and bene- 
fioal in the onter estuary in prolongation of the neck. They, 
inorearer, show that a prolongation of the Birkenhead shore by a 
tiuniag^mll carried out beyond New Brighton into Liverpool 
Bay, by bsrzhig the Bock channel, wonld direct the tidal currents 
■on powerfnlly across the Mersey bar, and thereby improve and 
Bnntaia the deepening effected by the dredging on the bar. 
The Antboir is convinced, &om the resnlts of his experiments, 

' riwmliini of tbe Eo^ Socielj of Loadon, voL iIt. p. 501, sod 
HWm £.4 ; aad ■* Ametioiation de la Partie Ualitune dee Flenics v compris 
1," L, P. Veraon-Harconrt, V" Congris IntuiiBlioii&l de 
Puu. 1S92. p. 24. 

KaaeatcbiSMata^^oagiea m FiBukfart-Am-lIuB, 
p. 195. 
„ . of (Le Royl Sodet j, \6L 45, p. 522. 
' nti, tbL 47. p. 142 1 -Effects of Tniiiiiig-WaJlj in an SatiOLijUki! the 
*— -■ - 1800. 

CE, ToL c. p. 56. 
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that workm^ models wonld fnrrrish most valuable aasistaiice in 
deciding on the respective merits ot* various schemes fiir training- 
works in any particular estnarv^ or in desi^nin^ra suitable scheme. 
Also, by the resnits of experiments with trainin^r-'Walls in models 
of estaaries of various forms^ and sabject to dii&rent physical 
conditions, the correct principles for training rivers through 
tidal estuaries, abont which at present so mach di&rence of 
opinion is manifested, might be tiednitely established. 



The Author has mnch pleasure in acknowledging his obligations 
to Mr. Gnillain, Director of Works at the lOnistry of Pablic Works 
in P^kris, for procuring information for him abont the Bhone, the 
Loire, and the Adonr, and for statistics relating to navigation, and 
to the engineers of those rivers for the information supplied, 
especially to Mr. Girardon for a detailed account and drawings of 
the Rhone training-works. He is also indebted to Mr. Welcker 
for a recent chart of the Scheur branch of the Maas, to Sir Charles 
Hartley for the chart of the Sulina mouth of 1891, and to Mr. 
Gnerard for charts of the mouth of the Rhone of 1841 and 1891, 
from which the longitudinal sections of the Rhone bar have been 
made. He has also derived a good deal of information about the 
River Nervion from the yearly reports which Mr. E. de Ghurruca 
kindly sent him, about the Weser from a Paper by Mr. FranziuSy 
and about the Yolga firom a Paper by Mr. Y. £. de Timonof^ Assoc 
M. Inst. C.E. 

The Author has submitted this Paper to the Institution in the 
belief that, by comparing and contrasting the results of training- 
works in a variety of rivers subject to different physical conditions, 
the science of training rivers can be most effectually advanced, 
and the principles that should be followed in designing training- 
works can be best determined, aided in the case of tidal estuaries 
by experimental investigations. 

The Paper is illustrated by tracings from which Plates 1, 2, and 
3, and the Figs, in the text have been prepared. 
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(Paper No. 3726.) 
(Tmaslaled from tlie French and cArtdijcd.) 



By Henri Li5on Partiot, Inspectenr General des 
Pouts et Chaussees. 
Estuaries are inlets on or near tlie sea-coast, containing banks 
which the tides successively cover and lay bare. They may be 
divided into two classes, namely : (1) Estuaries devoid of rivers ; 
and (2), EstniiTies into which rivers flow. Each of these classes, 
moreover, may be sub-divided into estuaries expanding to a wide 
ontlet into the sea, and eetuaries with a narrow outlet, formed 
either natnraliy by banks or the land, or artificially by protecting- 
breakwaters. 

1. Estuaries tevoid of Rivers. 
Funnel-ghajred EHiiaries. 

These estuaries are generally found in the indentations of the 
(xiaet, and vary considerably in form and extent. The materials 
which encnmber them are brought in by currents and waves, 
or are formed on the spot by the erosion of the coast, and the 
gradual disintegration of this detritus. The rate of travel of these 
materials along the coast depends on the frequency and direction 
of the winds in the locality. 

Ftmaalion of an Betaar^. — Where an inlet exists on the coast, 
the waves tend to fill it with the shingle and sand they bring in ; 
and a little estuary ia thus formed in this creek. If the obliqueness 
of the prevailing winds is great enough, and the duration of winds 
Qonnal to the coast small, the advauee of the sandy beach closes 
the estuary before it is filled up. Being thus completely shut off 
from the sea, it is conv^ted into a marsh, of which the marshes 
at Cayeui, near the niouth of the Somme, are instances. If the 
line of beach does not quite close the entrance, but leaves a passage 
for the tides, it protects the estuary, and forms a narrow outlet. 

Dane*. — Besides the materials eroded from the coast, the waves 
carry along alluvium brought down to the shore by rivers ; and 
often also the sea casts up sand from its bed, of which the coast of 
Caacony exhibits a striking instance. There the sandy bed of the 
Ocean rises with a gentle slope towards the shore ; and the waves 
Raised by the prevailing westerly winds cast the sand upon the 

LTUK laST. C.K. VOL. CXVill-J t 
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Bhore, and the winds in their turn drive it inland. Thia is th> 
origin of the long line of dunes which extend from the Gironde U 
Biarritz; and the shore, which was formerly intersected bjf 
numerous creeks, has now a straight line of sandy teach, 138 milBa 
in length, which, under the influence of north and north- westerly 
winds, has closed the bays before they were silted up. These hayBi 
into which only small streams flow, have consequently teconi< 
pools and marshes. Fig. 1, Plate 4. The bay of ArcaoioS 
however, into which the little river Leyre discharges, has beooin 
an estuary whose outlet is nearly closed by the shore-line. Th 
aanda had begun to fill up this vast hay, and the winds had fonn» 
some dunes near Andernos ; and the travel of the Bands along tb 
shore, after pushing the outlet 3J miles to the south of Arcacho( 
has left this bay, which has a width of 6j miles, an opening inn 
the sea only 1,100 yards -wide. The dunes formerly progressei 
slowly inland like waves, invading the land and burying whd 
villages. Their progress was arrested at the beginning of tE 
century, by fir plantations; but more recently Mr. Chambrele( 
succeeded in stopping the sand in front of the first done, I 
forming a palisade of upright planks, with intervals of an ini 
between them, at the toe of the dune, about 400 feet from hi^ 
water mark, which are raised by a lever as the dune rises agaiaj 
them, till, when the height of the dune attains 26 to 32 feet, tlj 
height and the steepness of the slope cause the sand to fall ba( 
towards the shore, where the winds drive it back into the sea 
Thus an artificial duno is formed, with its steepest slope faoii 
the sea, the reverse form to natural dunes. Sands mixed with d 
or clay, being less affected by wind, do not form dunes. 

FilUng up of Funnel-shaped Estuaries. — Funnel- shapeil baj 
devoid of rivers, and exposed to the inroad of sand, gradually i 
up, the rate of accretion depending on the amount of sand provii 
by the coast or the bed of the sea. The deposit results from tj 
slackening of the flood-tide in the bay on encountering any bank ■ 
the shore ; and the bank or shore gradually extends seawards, tb 
accretion taking place at the expense of banks nearer the sea, I 
actually in the sea. The silting up of the inner part of the bi 
entails eventually a eboaling of the lower part, and a reductioai 
the tidal water entering the bay, by which the depth of its cbanne 
and outlet have been maintained. Beclamations in the estua] 
produce the same results ; and, therefore, artificial accretions i 
the mouth and in the tidal portion of rivers should be rarrf 
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nndertabeij, and only with the utmost caution. The eslnary of 
the Wash, and Vays Bay and Mont St. Michel Bay on the coa^it 
of Normandy, furnish examples of silting up. 

Etluaries allh Narrcw Outlelt. 

. The narrow opening, or neot, through which the tide enters 
MtnB estnaries, may be yery short, as at the month of the Girondo 
snd of the Foyle, or may have a certain length, as in the 
Tagns and the Mersey. These estuaries would be exposed to the 
^iQe external influences as the open estuaries just considered, if 
they were not protected by the narrowneas of their outlet, which 
protection is attended by very important benefits to navigation. 

Effect of a Neek. — All the water flowing in and out of these 
Ktaaries is obliged to traverse the neck ; and instead of spreading 
lot over a wide outlet, where the water which does not flow 
liroTigh the channel is lost to navigation, it is concentrated into a 
"'ngle passage, and, consequently, acts more powerfnlly on the l«r 
M>d deepens the channel. These estuaries, moreover, are more 
sheltered from storms, for the waves are almost wholly stopped 
ootaide ; whereas funnel-shaped estuaries are favourable to their 
piXipagation, and increase iheir height. The waters, also, at the 
^rthest end of the estuary, reaching the neck near the end of the 
Atb, have a great effect in maintaining the depth of the cbannel- 
Theae advantages give a decided superiority to restricted outlets ; 
whilst observation further demonstrates that deep channels exist 
hoth above and below the neck for a considerable distance. Thus 
Uie Jade estnary, in North Germany, with a length of about 
10 miles and a width of 9J miles, has an outlet of only Sy'^ miles, 
laving a depth of 65 feet, the rise of tide at the mouth being 
12| feet at springs. Fig. 2, Plate 4. Three channels stretch into 
the estuary inland of the neck, one Laving a depth of 3H feet for 
4j miles, and the other two being 16J feet deep for about IJ and 2,V 
miles respectively; whilst below the neck, a channel 17^ miles 
long, with depths of from 33 to 82 feet, extends out to the sea. Poole 
harbour, on the south coast of England, has a length and width 
of 9J miles, and an entrance about 1,000 feet wide, with a 
rise of tide of only 6^ feet at springs outside. Fig. 3. There 
ue three inner channels, having depths of 10 feet for 3J, 3^, and 
1| miles respectively, and an outer channel, I.', mile long, with 
depths of 16^ to 39 feet, obstructed by a bar at its extremity 
having a dfepth of barely 8 feet over it at low tide. The bay of 
Atcaohon on the French coast, and of San Martino on the coast of 



52 TiUnOT ON' ESTCAETES. [H)ool(>t<]f 

PurtngAl, OB well as the estuary of Hikindani on ibe east ooort of 
Africa, furnish similar examples. The foruation of these chnn- 
nela, above and below the neck, may be traced to the following 
caoMB. The increased speed of the current through a narrow neck, 
at the outlet of on estuary with a sandy bed, creates a deep hollow, 
leading into which the ebb, having drawn the sands from aboTe 
which are unable to remain in the hollow, has gradually formed i, 
cbnnncl in the estuary; and the flood-tide has similarly formed a 
channel below the neck. The sands thus carried along create 
bttiikfl inside and outside the estuarj', which in estuaries devoid of 
rivers, tend to attain a state of equilibrium, undergoing very little 
«hango. The lengths of the deep channels, above and below the 
neck, are greater in proportion as the water flowing from eaeh 
thannel is larger in volume, and the neck deeper. Consequently, 
a vast estuary, especially if reinforced by the large tidal caparatj 
of a river up which the tide flows for a long distance, augmenta 
the discharge al)ove the neck during the ebb, and aids the deepen- 
ing of the inner channels and the maintenance of the estuarj. 
Kolow the neck, tides with a large range are especially favourable 
for forming the outer channel, and for maintaining a pass over the 
bur. The correctness of the foregoing explanation is rendered 
more probable by the consideration that the ebb and flood waters, 
on iasning from the neck, must rapidly lose their velocity in 
spreading over great widths, and therefore can then have only a 
feeble saouring action on the channels, which is confirmed by 
observation. Thiis Mr. Guerard has stated that the depth of 
water over the bar at the mouth of the Ehone is to some extent 
independent of the dischargG of the river.' Similarly, durbg 
the [irogress of the Seine training- works, it was found that 
the current issuing from the trained channel had little effect 
on the banks in front of the outlet. The velocity, also, of the 
flow over the bar of the Mersey is very small, and does not sconi 
the sand of which the bar is formed ; whereas the currents in the 
neck in front of Liverpool have an average velocity of 5 to 6 knots 
an hour during springs, so that the scour must be increased as the 
neck is approached. The inner and outer slopes of the bar, more- 
over, are steeper than those which a similar embankment would 
assume elsewhere ; for, owing to the small quantity of alluTium 
brought down by the Mersey, the slopes of the bar and of the 
channel are those of cuttings excavated by the currents. The 
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Author has also pointed out elsewhere ' that, in the tidal Garonne, 
the hollows which are formed alongside a projection in the bank, 
caaaing a raductioo in the width of the channel, are due to the 
ebb above the point, and to the flood bolow, otherwiae the hollow 
which follows closely the curve of the projecting bank botli above 
and below the point, would diverge from the bank on each side of 
the point if the scour was owing to the impulse given to tha 
currents beyond the point by the narrowing of the river. It is 
therefore certain that contractions in tidal rivers produce their 
effects above, in relation to the direction of the current, rather 
than below, and that these effects depend on the rise of tide. It 
also follows that the effects of necks, as described above, should 
be visible along the whole course of tidal rivers, and in tidelesB 
rivers should be propagated above similarly to below, which 
observation appears to demonstrate. Beyond certain limits the 
infiuence of the neck upon banks in the sea necessarily ceases. 

The coarser and heavier portions of the sand brought into the 
neck by the flood-tide stop in this channel, and are carriod sea- 
wards again by the ebb ; whilst the finer particles are carried on 
to the banks ; and there the small waves put them again in sus- 
pension, so that they are drawn into the channel by the ebb 
currents, and return to the sea with the coarser sands during the 
ebb-tide. This explains liow Arcachon bay, Poole harbour, and 
other estuaries are maintained, in spite of the abundance of sand 
which surrounds their entrances. The height of their banks 
depends upon the depth at which the little waves inside lift the 
sand, and on the currents which pass over the banks. The sands 
transported as above described settle outside the neck, on the aides 
of the outer channel. The channels branch out in estuaries devoid 
of rivers, generally extending close to their shores. In estuaries 
into which a river flows, an inner bar is sometimes found above 
the channels, as for instance in the Gironde and t!ie Foyle, Pigs. 
13 and 15, Plate 4; but this bar does not appear to be due to any 
influence of the neck, which on the Gironde is II5 miles distant, 
and on the Foyle UJ miles. The inner bar is due to an enlarge- 
ment in the channel ; and it shows that the river should be 
trained down to a point where the channel due to the neck ia 
sTifEeiently deep. 

The banks seaward of the neck depend mainly on the 
conditions of the coast. The sand discharged from the estuary 
settles at the sides and end of the channel ; and the portion 

llfetudu aur let Kivifciaa ii uiari'i; tl los EBtmiirta," 11. L. Partiut. Piuis, 18U2_ 



54 PABTIOT ON EBTOARIES. piinnt 

depofiited on the aide from which the materials traTelling a1 
the coast come, arreet these materials, and give riee to a bank. 
the sand transported to the extremity of the channel reachi 


littoral current or waves. This mound, whirh diverts Bi 
water the sand travelling along the coast, forms a bar, wl 
height depends on the action of the neck and the abundance of 
sands, and through which the flood and ehb waters for 
passage. If the materials from the estnarj do not meet wii 
descending slope, and deposit at the limit of action of the n 
the channel soon elongates, and the bar progresses seani 
Though a narrow outlet, accordingly, does not always remoTe 
bar at the month of estuaries, nevertheless, if the state of estui 
with a neck are corapareil with funnel-shaped estuaries in w 
the ebbing waters spread over a great width, leaving a aha 
channel intersected by shoals which are real bars, the Au 
considers that estuaries with necks will be unhesitatingly 
ferred. These necks bring all the water in the estuary into 
channel for deepening it; on the sea side they concentrate 
flood-tide waters so as to open a ohaanel of access towards 
estuary ; and the ebb-tide creates for its discharge a eha 
which extends sometimes beyond the limit of action of the i 
removes the bar further away, and lowers it. Some examplei 
given in the following Table of the position and depths OTei 
bar in this class of estuary :— 
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As the Foyle has a mimmnm depth of 48 feet in the main 
ch&Bnel, and of 42 feet in the central channel between the neck 
ind deep water in the eea, it may be said to have no har. The 
shortest lengths and smallest depths are naturally found in the 
smaller estuaries. Since the estuaries protected hy a neck have 
Misted for centaries, it is evident that the sands bronght in by 
tiiB flood-tide are carried ont again Ly the ebb. 

Adeanlajeg of Ettaarieg with a Narrow Outlet. — As necka cause a 

channel to be formed seawards, any works narrowing the outlot 

of an estnary would produce a displacement seawards, or the 

'o*vering of any bar within the limits of action of the con- 

'raction. Consequently works of this kind would produce an 

^ofect at a considerable distance beyond the outlet, and might, 

'^^refore, l>e created on the foreahore more economically than 

ttt«:»se which would be required for training a channel into deep 

""a-ter, or for maintaining the depth over the bar by dredging, 

^'^>:»3etimea to an indefinite extent. 

Jtedaiiialiont in Exttiartea. — Riparian proprietors, and persons 

^"*io have carried ont works for improving estuaries, have often 

'^^"tased accretions on the shores of estuaries, and reclaimed very 

''"^-luable land. It has been stated that the deposits formed 

■^^liind the training walls were eroded from the estuary, and thus 

'^^i'lnpensated by an increase in depth elsewhere for the reduction 

•■1 tidal area; but the motion of the sands above the necks of 

^^tnariea is at variance with this view. It is true that the 

^Unvinm accumulating behind the training- walls comes from the 

Estuary; but the sands brought in by the flood-tide, which 

partially deposit outside the channels, will fill up the hollows thus 

formed at least to the level of the original deposits, owing to the 

causes ivhich rej^lated their height, so that the reclaimed area 

will not be compensated for, and there will be a diminution in the 

volume of tidal water entering the estuary. Before attempting, 

therefore, such reclamations, the possibility of excluding a 

oorresponding volume of water from the estuary, without in- 

jorionsly affecting the maintenance of the channels both above 

and below the neck, or the action of the tides on the bar, should 

to investigated with the greatest care. It may occasionally lie 

possible; but the Author considers that these reclamations are 

Almost always injurious to navigation. 

2. Estuaries isto which Eiverb Flow. 

Those estnariea alone are included in this class into which 

large enongh rivers flow to affect their condition, oapeoially at 
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their outer end. They will also he divided into funnel-shape^ 
estuaries, and estuaries having a narrow outlet. < 

Funnfl-S}iaj)ed Egtaarieg. i 

In order to explain the formation of funnel-shaped estuarid 
and the actions which take plane in them, the Author will refer Q 
the estuary of the Seine, which he has had occasion to study in 1 
very special manner. I 

Invsalijaliin of the Siine E»luary. — ■Previously to the improvemoti 
works commenced in 1844, the Seine estuary extended up to LJ 
Mailleraye, 40 miles above Havre, Fig. 4, Plate 4. As the rivJ 
above this point possessed depths of 23 to 50 feet at low water foi 
long distances, it constituted a great inner basin separated froia 
the sea by the sands of its estuary. On the Meales bank, aboa. 
2 miles below La Mailleraye, the depth was only 7^ feet at lo* 
water, below which a series of sills existed, over one of which, u 
Villequier, there was a depth of only 1 J foot at low water ; whiW 
below Quillebeuf there were shoals over which the depth was oid.1 
ej to 4 feet. The width of the river, which was 1,000 M 
between Rouen and La Mailleraye, increased to 4,100 feet i 
Villequier, and 9,840 feet at Quillebeuf; and it reached 5 miles 3 
front of Honfleur, and G^ miles opposite Havre. The estuai* 
altogether formed a long weir, which kept up the summer wate( 
level of La Mailleraye 1 l>i feet above low water of spring-tides a 
Havre. 

Various circumstances indicate that the Seine in old time 
flowed through a deep bay into the sea. The tide indeed mna 
formerly have extended much further up the river than at presenj 
for the slope of the Seine at a low stage between Eonen am 
Eougival, near Paris, a distance of 102 miles, still averages otil' 
0-105 per 1,000, in spite of the raising which all this part of thi 
valley must have undergone ; and the quays of Rouen are at tli 
same level as those of Havre. The stratum of rock, moreovea 
■which extends over the bottom of the bay near Tancarville, is aboa 
30 feet below low water at Havre. Lastly, the sands near Ham 
extend to more than 46 feet below the same level, outside the solij 
strata at the entrance to the hay, which in old times formed pa* 
of the adjacent coast. The old formation at the mouth of tin 
Seine, underlying the alluvium, consists of the middle and upps 
chalk on the east side, and of the lower and middle Jurassic bed) 
to the west, similar to the adjoining coasts.' The estuary faoei 

' ■• L'EBtQEiire rls la Seine," M. LenDiBr. Hurra, 1881, vol. i pp. 18, 19. 
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6 prevailing westerly winds ; and the tidal wave, coming in from 

) north-west, creates carrents which bring into the bay the 

(Jebri§ eroded from the coast between the cliffa of Calvadog to 

'ie west, and Cape Antifer to the north of Havre. The chalk 

niiSa between this cape and Havre, being only 15 miles in length, 

Wpply merely a small quantity of shingle, sand, and ailt; bat the 

siingle has formed a beach up to the mouth of the River Leznrde 

near Harfleur, whose extremity forms Hoc Point. The jnrasBio 

toasts of Calvados, however, furnish an abundant supply of sand, 

"liich constitntea the main portion of the marine deposits which 

na,-ve been brought into the bay through the large entrance, 6J 

miles in width. 

-^illmg up of Ike Bar/ of the Seine.— The waters of the Seine, 

flo-wrjDg in a channel 1,000 feet wide at La Mailteraye, were 

fi^idently incapable of counterbalancing the sea-water, and con- 

sB^inently the once deep bay filled up with sand. If the entrance 

iia^ been only about 1 J to 2 miles wide, the Seine might perhaps 

"^.■^■e remained deep, on account of its discharge and the efflux of 

'i^*ial water on the ebb, instances of which are found elsewhere. 

Notwithstanding, however, the larger quantity of tidal water 

^*itering the bay, it has been filled up ; and the Seine flows over 

'•*e large weir of sand which the sea has formed. Observations in 

,''■*« bay of the Seine have proved that when a portion of the 

estuary has been withdrawn from the action of the river, by a 

^*»ange in the direction of the channel, it has soon been raised, the 

®8Jid first deposited being brought from the part directly below. 

similarly, when the construction of a training- wall formed a closed 

Wigle between the wall and the shore, the sand which filled up 

this angle came from just below, producing a, hollow, which in its 

1 tnm was filled up by the sand from below j and this action pro- 

I greased seawards. When the lioUow, temporarily formed, reached 

I the end of the training- wall, the river water flowing into it caused 

I tliB Seine to make a sharp turn at this point, which was gradually 

rectified by the filling up of the hollow with sand. The periodical 

changes, however, of the channel, which promoted the formation of 

banks in one part, made the river undermine accretions in another 

part during the ebb and carry the materials seawards, which 

served to keep down the average level of the bed of the estuary ; 

and therefore the English were very wise in refusing to allow the 

Mersey to be trained through its upper estuary, which the changes 

in its channel have helped to preserve up to the present time. 

^h;A portioQ of the deposits which still take place is due to the 

^^■jeting of the currents which flow into the Seine estuary, for all 
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caueea whicli reduce the Telocity of 
give rise to accretions. 

FliKd-lidp. PoeJceU. — In some parts of the estnary of the Seine, 
blind channels closed at their upper end are formed by the flc 
tide, termed flood pockets. The current of the early flood-tidi 
fairly rapid, and soon attains its maximmn ; and if at that timtt 
two currents converge to the same point, or it' the flood-tido 
impiogee upon a concave bend of a training wall, or of the shore, 
a powerful erosion occurs ; but as the velocity of the flood 
diminishes rapidly, it does not generally form a long channel. 
Nevertheless, the flood-tide may deviate the main channel formed 
by the ebb, if in forming a pocket it meets the ebb-tide channel, 
and thereby provides a new exit for the ebb waters. 

JVbfure of the Saads formtag the Seine Estuary. — The deposits of j 
sand found near the bed of the Seine between Paris and Bonen,. 
prove that the river has carried some Band down ; and its estuary^ 
muat, therefore, contain a certain amonnt of Band from inland. 
Nevertheless, the volume muat be small, since the basin of the! 
Seine consists mainly of permeable strata; and having in old times 
been covered with forests, the river was noted for its purity; 
whilst in borings made at Aizier, marine sand alone was found. 
At the present day, Paris absorbs all the sand the river producea, 
BO that the river now brings hardly anything into its estuary, 
beyond silt during floods. 

Projiarialion of the Flood-Tide.— The introduction of sand by th« ■ 
flood-tide at the mouths of rivers has been attributed to the sea- I 
water, owing to its density, flowing along the bottom like a wedge, , I 
and lifting the fresh water. Observations indicate that the sea- 
water ascends only a short distance above the mouth, and that the 
propagation of the tide is everywhere effected by driving back the 
river water. The flood-tide, at some distance from the mouth, has 
been proved by experience to drive back the descending waters 
more easily along the banks and bed of the channel where the 
current is less rapid ; and nearer the sea, the action Mi analogous ; 
and the flood'tide, entering along the bed and sides of the channels, 
carries along some of the sand, which partially justifies the wedge 
theory. The fine sand and silt, however, are carried in the mass of 
the current, and the fresh water mingles with the salt water, 
although the saltneas of the water remains greater at the bottom 
in the centre of the channel than at the surface ; but, owing to the 
mingling, the fresh water becomes more salt as it approaches the 
month, and it cannot he said that the sea-water penetrates under 
the fresh water and lifts it. There is, in every section, a successive i 
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iiiving back of the layers of water, according to tlieir velocity, 
BTenwhen the river only contains fresh water. In flood-time, this 
action ia not powerful enough to reverse the more rapid portions 
of tie downward cnrrent. Thus, in the roadstead of St. Nazaire, 
(he current on the Burface does not change its direction during the 
great floods of the Loire ; but the flood-tide runs up nnderneath, 
and males vessels of large draught swing round. Sometimes the 
whole river preserves its ebbing flow, its speed merely being 
reduced during the flood-tide. When the tides are very feeble, the 
fresh witer spreads ont on the surface for some distance over the 
sea, as happens at the mouth of the Rhone in flood-time, 

Aclios of the Wind.— The wind had two princi]ial effects in the 
Mtoaryof the Seine up to the connnencement of the training-works. 
Daring high tides, the westerly winds and the funnel shape of the 
lay facilitated the entry of the tidal waters, so that at Tancarville 
and Qitillebeuf the level of high water was raised about 20 inches, 
which was snbsequently lost in the trained channel. Another 
effect of the wind in the estuary was noted by Mr. Godot, who 
obaerred that so long as the channel was at a distance from the 
Bonthem shore, being exposed to the prevalent winds, and espe- 
ciallj those from the south and south-west, it was constantly driven 
against the northern shore. These kinds of effects should beinveati- 
galedin each special case, but could not occnr in a trained channel. 
The tidal wave travelling from Cherbourg to Havre produces 
two secondary waves, one going from Cape Antifer to Havre, and 
the other from Port-en-Bessin to Hoofleur, These two waves meet 
*t the month of the Seine in somewhat contrary directions, and do 
not produce the raising of high-water level which is found in the 
Bristol Channel and the Severn. 

Conditiovs necessary for the Preservation of an Estuary.— The 
description of the Seine estuary, and the explanations furnished 
eeem to the Author to demonstrate that, in order to preserve an 
estuary, an equilibrium must esist between the action of the sea 
and of the flood-tide, and that of the fresh-water discharge and 
tidal water which flow away during the ebb. When an estuary 
has too large an entrance, or too expanded a form, it is inevitably 
filled by degrees with sand. This result also depends upon the 
contributions of the river and the sea; for a bay which opens upon 
a deep shore may be filled up by alluvium from a river, and a bay 
which receives no sediment from a river may be filled by sand 
from the sea. Lastly, the width at the entrance of an estuary may 
be each as to produce an equilibrium between the effects of the 
flood and ebb, which preserves the estuary, whether or not it 
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8 the alluTiam of a river. The way, therefore, to improwi 
a river flowing into a fannel-shaiwd estuary is to reduce thewidtag 
of the river Ly training-walls, prolonged out to deep water in ttj 
sea. The estuary would be protected by narrowing the width a^ 
its entrance ; and it would then be possible to reduce the lengtii ^ 
the training- walls of the river, by connecting them with one KJ 
the channels which would be formed above the neck. I 

ImpTOvement of the Mvuik of a Tidal Eieer. — As the volume d 
water discharged by a tidal river increases in proportion to iff 
proiimity to the sea, the width between training- walls must M 
enlarged towards the outlet. A method of calculating the iii 
creasing sections of the channel seawards ' was employed for at 
investigation on the Loire in 1869, and was recently applied tt 
the Weser by Mr. Franzins ; and the Author has lately developol 
it.' The formula for determining the future discharge of a riv^ 
about to be improved depends upon the new form which the tid^ 
wave ascending the river will assume after the execntion of tte 
worhs ; and the formulas hitherto obtained can only be used, witj 
the data available beforehand, by neglecting certain terms. Oj 
the other hand, the average velocity of the current, whic? 
requires to be known at the outset for these calculations, can onlr 
be determined approximately by experimental formulas, or byi 
comparison of the future state of the river with observed fara 
under analogous conditions. Nevertheless, the results obtains 
by these formulas accord sufficiently with observations to t 
accepted. As the discharge during the flood-tide is greater tha 
during the ebb, it is expedient to employ it for calculating tl) 
sections of the channel, as these should be able to discharge tb 
maximum quantity of water which they receive. ; 

Dredijing. — If the bed of a river is capable of being eroded, th 
currents scour the bottom during the construction of the trainiilj| 
walls, and after their completion ; and the flood-tide carries bac 
the eroded materials behind the training- walls. Thus, on tt 
completion of the training- walls down to the River Eille in 186i 
the Seine had scoured its bed to an average depth of l-lj fat 
between La Mailleraye and Tancarville ; and the flood-tide ha 
brought in behind the training- walla 22,368,000 cubic yards i 
eilty sand. Silt, sand, or gravel pass down with the water ini 
river with a movable bed. If the velocity of the current if 



' " Etude Bur le mourement den Mareea daiiB la paitie roaritime A 
Pluuves," H. L. Partiot. Paris, I8G1, p. 23. 

' "KtudQ 8ur Ics Bivitrca u mftruc at lea Entuuii'ciB," H. L, Partiiit. Pail 
lHl)2,p.l. 
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creuses, more material is carried along, and the bed is eroded: 
ind, if the velocity diiuinishes, the bed is laiBed by the de{>06lt 
of material. Conaeiiuenlly, if the channel of a river with a 
uJorable bed is deepened by dredging, withont a corresponding 
lednction. in width by training-walls or other means, the sands, 
if snffiaiently abundant, will soon fill np the excavations, and 
destroy the effects of the dredging. These considerations espluin 
the effect of training- walls which narrow the bed of a river, and 
the inconveniences of dredging under anfavonrable conditions. 
If tlie amount of sand brought down by a river is small enough, 
it ia possible to maintain the desired depth by constant dredgiug ; 
but if the materials brought down are very abundant, they fill 
Vp these excavations again, rendering the dredging and expenses 
useless. This refilling renders sometimes the results attained by 
dredging uncertain, and may prove a danger to vessels. This 
metliod of obtaining the requisite depth has been widely adopted 
w TeoBQt times, owing to the reduction in cost of dredging opera- 
tions; but it ia an economical question, whether it is preferable 
to hnrden the future with works which must be continually 
renewed, or to undertake more costly works which avoid in- 
definile expenses. The choice depends on circumstances ; but the 
Aithor considers that the second alternative should generally be 
sdopted if the cost is not excessive, and that works requiring 
nlmost constant renewals, such as dredging in a movable bed, 
Blionld be resorted to as little as possible. 

Dredging enables depths to be obtained which scour could not 
effect; and a deeper access has been provided by this means to the 
port of Newcastle than could have been created by the discharge 
and tides of the Tyne. The formation, deepening, and mainte- 
■laooe of most ports and their entrances necessitate dredging, which 
inay also be employed for facilitating the action of the currents on 
'ha bed of rivers and estuaries. Nevertheless, wherever natural 
ranges tend to fill up the channel again, large dredging operations 
BhonJJ not be undertaken, unless the interests involved amply 
justify the expenditure. 

SiieeexinBe Loteering of Movable Sills.— "When a sill has been 
lowered by certain works, leading to a lowering of the low-water 
level at the same place, the slope of the ebb ia increased above, and 
liifl sand formerly retained by the sill is carried down towards the 
eea. The next shoal above is lowered in its turn by the increased 
slope and velocity of the ebb, which produces a corresponding 
sconr higher up ; so that the removal of one shoal may lead to the 
lowering of shoals for a long distance above. The improvement of 
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the Seine below TUkqnier. uid the dredging ot the 
below L« Maillenye bare pralaoed ■ lowerii^ of tlte bed of 
Seine for Abont 19 mika sbore this latter point. On the Giroiic 
the dredging of the mtnnl sill, Beyscherelle, near ^oilli 
OTBT which there was s depth of 9^ feet at low water, ha 
brongfat down the aanda frocD abore, has made other sib dil 
appear, and has improred the Garonne as tai np as Bordeani 
Thifl connectioD between different parts of a river shows how its 
portant is an investigation of the shoals of a river, for a simi 
work on one may lead to a spontaneons partial, or total improrA* 
ment of a more tronbleaome shoal higher np. 

When the size of the channel has been soitably determined, and 
a safiGcient velocity obtained to ensure the soonr of the Led of a river, 
an eqnilibrium will be established between the discharges and the 
depths. If a hard shoal is able to withstand the scour of ths 
current, it is certain that on the removal of the shoal to (ha 
desired depth by dredging or other means, the channel will \x 
maintained for the fntnre by the current. 

Ftfm to be chosen /ifT llie caleulabd Sfetitm of a Tidal Biner. — Tha 
proper sectional area of the channel having been calcnlated, iU 
form has to be determined, the simplest being a tiapezium. T1)B 
calculated depth, being the mean depth in the section, is necessarily 
less than the maximum depth which will bo obtained in the ' 
carves, and wherever the river has a well-defined, deepest channel- 
Where the main current crosses over to the opposite bank, thff 
bottom is uniform ; and as the current is oblique to the genei»J- 
direction of the river, the depth at this part is rather less than tha*f 
given by the formulas, which has rightly led Mr. Fargue and otlie^ 
engineers to point to the necessity of reducing the width a litti0 
at these places. The Author would propose to adopt a widtia- 
equal to the average width multiplied by the cosine of the angl^- 
which the central line of the river makes with the approximate 
line of the main channel. The crossing over of the current, and" 
the depth of the channel along the concave banks have also led to 
tho proposal to construct the training- walls alternately along each 
bank, so as only to maintain the direction of the channel along 
the concave portions. The variations, however, of the line of 
deepest channel, produced by variations in the discharge resulting 
from floods and the tides, are such as to prevent the securing of s^ 
fixed channel, except by two nearly parallel longitudinal training- 
walls. 

It has also been proposed to form the oroea-section of tidal rivera ' 
with a low-wator and a high-water channel, the former corre- ' 
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Bponding to the discharge of a river at low tide and at a low stage, 
bounded by nearly low-water training- walls, and the latter a 
Ennch wider channel, affording a free passage for floods and the 
tidal waters. This system has the advantage of concentrating the 
ebb in a small trained channel, of providing the space required for 
floods, and of admitting a much larger quantity of tidal water, 
-which partially returns down the low-water channel and deepens 
it. There is, however, reason to fear that the spaces left behind 
the low training- walls, and which bound the high-water channel, 
might be silted up by the tides higher than low-water level, and 
might end by being covered with vegetation and forming part of 
the banks. This system has been adopted on the Weser ; and in 
reply to this objection of the Author's, Mr. Franzius, the engineer 
of the Weser, stated that the spaces left behind the low traioing- 
wslls, and which still ooraprise a void of about 25,000,000 cubic 
yards below low water, would be filled by alluvium scoured from 
the low-water channel, and would thus contribute to its improve- 
ment. It would only be after the filling up of these large spaces 
that the accretions could reduce the sections proposed for the high- 
water channel ; and in this interval a state of equilibrium will be 
established in the river, which will by degrees render the assist- 
ance of the large masses of water spread over these lateral spaces 
less and less necessary; whereas for a very long period the action 
of these masses of water will have been very useful in regulating 
the river ; and as the arrangement involves no serious expenditure, 
Mr. Franzius considers that it would have been a mistake not to 
have profited by it. These views appear to the Author to be 
sound ; but, nevertheless, it must be noted that the eventual widths 
will be those between the low-water training- walls, and, there- 
fore, should be calculated accordiug to the suitable cross-sections, 
omitting the side spaces of the high-water channels, for these will 
only serve for a time as a means of construction, and to bring the 
liver into the desired condition. 

Clijgure of Secondary Channeh.- — If the channel divides into 
several branches, their total sectional area must be rather larger 
than that calculated for a single channel, owing to the increased 
friction. The quantity of tidal water coming in is consequently 
rather greater — an advantage which must be considered. 
Secondary channels, however, have almost always the incon- 
venience of creating shoals, which can only be removed by uniting 
all the waters of the river in a single bed. To solve this difficulty 
on the Weser, Mr. Franzius has closed some secondary channels 1^ 
a low dam midway, and by the longitudinal training- walls of the 
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principal channel at their estremitiea, kept down to low-water 
level so that the flood-tiile can still ascend them. The action of 
the tide has been Increased in the main channel, which has 
deepened rapidly ; and the materials scoured ont have been carried 
by the cnrrenta over the dams at the entrance and outlet of the 
aecondary channels, in which they have been partially deposited. 
The damming of these brancheB produced a temporary raisiog of 
the low-water line, since the river below the point where the 
Becondary channel branches off no longer afforded an adequate 
section for the discharge of the ebb. This raising, however, has 
nearly disappeared in consequence of the deeping of the main 
channel ; and it ia certain, that owing to the general improvement 
of the river, the level of low water will soon fall lower than it w 
previously to the works. The accretions resulting from the 
damming of the branches by the low training-walls will before 
long rise above low water, and become covered with vegetation, 
unless some stream can be led into them ; the tides will eventually 
cease to flow through them ; and the water which they received 
will be lost for the maintenance of the river. As, however, the 
depth of the main channel is the object in view, and the branches 
disturb the bed of the river, and produce a loss of energy in the 
tidal wave, the Author is of opinion that secondary channels 
should be suppressed as far as possible, and that the main channel 
should be widened so as not to possess a greater depth than 
necessary for the navigation. 

Form of the Trained Giannel in Plan.— The quantity of tidal water 
entering a river ia proportionate to the size of the surface of the 
liver, and it is therefore advantageous to increase it. As the 
sectional area of a river should continually increase towards its 
mouth, whereas there is no advantage in increasing the depth 
teyond the requirements of navigation, it has been concluded that 
a tidal river should have a regularly enlarging cliannel down to 
the sea. This form ia certainlj' the most favourable for the 
admiesion of the flood-tide, and for raising the high-water line 
inland ; but it is not so as regards the effect of the ebb for main- 
taining the channels, and especially for freeing the entrance from 
the sands which tend to block it up, because the water is dispersed 
over an excessive width. The trained channel must, therefore, be 
extended beyond these sands to the deep sea. The form of the 
channel, moreover, should offer the least possible obstacles to the 
propagation of the tidal wave ; and since curves are unfavonrable 
to this propagation, the channel between the two training-walls 
should be straight, which form is also snitahle for the variations 
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nhicU the Berpentine form of the dpp)>cst cbaDuel may undergo 
between the traiuing-walls, froui the effects of the tides and floods. 
If the prevalent winds and the direction of the tidal wave oome 
towards the shore, and if trAvelling sands and banks are found at 
the mouth of the river, the most economical solution would ap[>ear 
to be to train the channel at right angles to the coast. The pro- 
lnngatioa of the jetties in a straight line to deep water would pro- 
duce an advance of the foreshore, which would soon obstruct the 
Bntrance, and necessitate a further prolongation seawards; but 
Mr. Bouquet de la Grye has indicated a method of avoiding the 
difficnlty in the case of the River Senegal.' 

Arrangetnents to he adopted at Outlet. — Near low-water mark, a 
cuTTed jetty on the side of the channel opposite to the quarter 
from whence the sands come, would stretch into the bed of the 
river, so as to receive the ebb on ita concave face. Fig. 5. Piute 4, 
A pasaage would be left facing the jetty for a portion of the sand 
ttavfllliug along the coast ; and this sand would push the ebbing 
tide ftgainst the jetty. This jetty would direct the current against 
the concave face of another curved jetty on the opposite side of 
the outlet, which would convey it to deep water, witb tlie alluvium 
brought down by the river. T!io jiortion of tlie travelling sands 
wtniag against the convex side of the second jetty would pass 
'onod its outer end, and would be carried by the cnrreut of the 
river approximately in its previous direction ; and the winds and 
'fsves would soon throw it back on the coast. It is assumed in 
this arrangement that the waves can act on the sands at the end 
of the jetty, and over the whole width of the outlet. The vertical 
limit of the efi'ective wave-action being somewhat restricted, the 
depth at the outlet is also limited, unless it is influenced by a 
littoral current as well. The travel of the sands along the coast, 
however, is not arrested, so that they are unable to cause an 
indefinite advance of the foreshore. 

Ai the double inflexion of the current in front of the entrance 
to the trained channel might check the influx of the flood-tide, and 
as a deep channel is better maintained along a curve than in a 
Ktruight bed, it might be well to train the channel in one or 
several circular arcs of very large radius, with the extremities of 
thfl training- walls projecting into deep water at an angle to the 
so as to facilitate the ]>ass3ge of the sands scoured from the 
isby the ebb- and flood-tide currents. Fig. 6. 

II neither case are the parts of the estuary outside the training- 

' "Bevne Maritimo et CVloniule," June, 1886, p. 513. 
!. DSOTi CA VOL. CXVI1I.J ¥ 
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walla protected against the action of tlie flood-tide i and being 
deprived of the changes of the channel, and offering a wide 
entrance to the sea, they are exposed to rapid silting up. As a 
▼ery great portion of the water, moreoTCr, which covers them 
returns to the eea over the banks without assisting in the deepening 
of the channel, tlie partial reclamation of these littoral spaces would 
be effected without detriment to the navigation. 

t^iuce the formation of sand, and its travel along the coast are 
the resnlt of permanent causes, the sand must either he allowed to 
travel along so as to cause as Utile inconvenience as practicahte to 
navigation, or it must be stopped and iitilieed. The first syBtem 
has been just described ; but it might not always secure iin 
adequate depth. The sand might be arrested by constructing, at 
right angles to the shore-line a 6, a groyne c d, which might have 
to be prolonged to d , at ao angle to il.a first direction, to prevent 
the sand travelling round the end of the groyne. Fig. 7, Plate i. 
The sand wiU accumulate in the angle avd formed by the groyne, 
and rising up the gentle slope of the groyne, will form dunes 
which can be stopped from travelling inland by the prooessea 
previously described ; whilst the accumulation can be prolonged 
along the shore hy succeasive groynes d^ d.^ dj, and thus wooded 
lands conld be formed along the coast. The new outlet would he 
trained to the desired depth in the sea, sheltered from the accamu- 
lation of sand thus formed, and directed so as to scour away any 
Band coming either from the sea or from inland. If an estuarj, 
ABC, had to be crossed, the prolongation of the shore-line o't 
might be hastened by a supporting groyne suitably directed- 
Nature exhibits examples of outlets formed in an analogonfl 
manner, the river being Impeded by a bank of sand projecting from 
the side from which the sand travels ; but as this bank is mostly 
under water, and nothing is done to raise it, the sand eventually 
travels round it. It would only be necessary to complete the 
work already begun naturally, by aiding the raising of the bank; 
and the improvement of the channel could easily be effected behind 
the reclaimed lands. At the mouth of the Foyle, the foreshore has 
progressed across the bay, forming a narrow outlet for the riveti 
and a long sandy beach bordering the sea ; dunes have also bwa 
formed ; and the sandbank of Tuns, on the right side of the 
channel, is continually growing by the accumulation of sand 
brought along the coast. 

Small-Stale MvdeU, and Wattling. — In recent investigations of 
estuaries, small-scale models have been sometimes employed of the 
estuary to be improved, in which the vertical scale is necessarily 
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lo-uch larger than the horizontal. TLe movable banks are 
represeutfld by very fine sand, as they exist previously to tlie 
works ; the training- works and jetties proposed to be ootiBtructed 
are formed of little strips of metal ; and the tidal waves are pro- 
duced by an immersed float, or by a movable reservoir set in 
motion by clockwork ; whilst a reservoir with a sluice supplies the 
discharge from inland. The currents prodnced in these models 
displace the sand, which is deposited according to the conditions 
of the site and the works introduced. The banks at the months 
ff certain tidal rivers have been fairly reproduced, as, for 
instance, those of the Mersey. In these models, however, the 
aliore and the banks are distorted, owing to the difference in the 
Bcalee ; and account is not taken of floods, waves, or the action of 
wind, so that their results must be accepted merely as indications 
'•ithout much claim to exactness. 

On the tidal Garonne and the upper Gironde, a surer method 
^as adopted, too costly to be used for the extensive and numerous 
Bxperiments that can be made with small models, but affording 
touch better results, which may often lead to important economies 
in tlie execution of the actual works. The system consists in 
placing wattlings along the line of the proposed works, fastened to 
a donble row of piles driven at intervals apart by aid of a water- 
jet, which also enables the piles to be readily shifted if necessary. 
When, however, the line adopted proves satisfactory, these 
**tt!ing8 serve fori a long time in place of training-walls, and 
accretions take place behind them; and when more solid works 
'wcome necessary, they often provide a support, and enable the 
amoTint of rubble for the training- walls to be considerably reduced, 
affording a saving mnch in excess of their cost. The wattlings on 
'lia Ghonde, raised only 3-1 feet aboTO lowwater, cost 14s. 6d. per 
lineal yard ; and each square yard extra cost 3s. 1 Jrf. This system 
would be applicable to a number of cases. 

Egtvaries wilh Narrate Outlets. 

Ulilhation of all llie Water of an Estuary. — Though the spaces at 
'lie back of the training-walls in a funnel-shaped estuary might 
be reclaimed in most cases without injury to the river, the Author 
eoDsiders that it would be better to utilize all the tidal water 
flowing over the estnary for the improvement of the channel and 
lowering the bar, which may be accomplished by constructing 
liigh jetties between the channel and the shore on each aide, 
nd 9, Plate 4, making all the water in the estnary pass 
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through tho onllot-diannel. This conversion of a riinii el-shaped 
ORinury into an estuarj* with a uarrow outlet, will produce the 
ordinary offcotH, of a groat tlepth in the neck, one or more channels 
in tlie ontiiury, one of which will form a continuation of the river- 
liotl, anil an ontor ohaiinol estemling across the bar, if the bar is 
Miliiateil within the zone of influence of the neck. It would even 
bo poHHihlo to rwlwoo tlie length of the traimng-walls in the 
rtBtmirj-, Itrcann oii« ol the 1 annels formed wonld he in continna- 
lion of tho trn cd 1 el Acconling to circumstances, either 
II HtmiKht ohfti nel m t,ht bo f irmecl, as in the case of the Liffey 
and tho Tyue or a Ian el with onrvea of large radius as on 
the Tmn; and f a o rved channel was selected, it would he 
advantagoou* tu continue a low training-wall along the oonaaTfi 
Iwnk ftg far im tho neok. Fig. 9, Plitte 4. 

jtVaininj;- Tfa'/n with vari/ing Cutvalurv. — In cases where the scour 
of tho ebb predominates fur dee[iening the channel, it must be 
roinoniliprod that tlie current following along a concave training- 
wall loios a portion of its enorgj- by friction against the wall,in 
Iini|«rtion to tho length of the wall. As, however, the centrifngsl 
forco is in invereo ratio to the radius of cnr\-ature, the friction 
might be [wrtly iMimiiou sated for by diminishing the radiua, in 
l)roportion as tho training-wall extends seatrards. Tlie trainiag- 
wkUm at the mouth of the Dwiua in the Baltic appear to have been 
doRignod with this view. 

Bi'fi'iv. »('«.— The discharge of an estnary during the ebb depnds 
npon tho voluino of tidal wuter which enters, the amount which 
ii turoed back by tho floo«I-t ide, and the relative discharge of freeh 
wutor in fluud-tiniu and during the low stage. Reservoirs widiin 
the nook, and oven u certain distance up a river, may very usefolly 
inorcast) the volnnie of the ebb, when in good condttioa; and a 
tidal river, bosidos discharging its fresh water, affords a passage at 
the same time to a large volume of water which it has stored iip 
liko a roHorvoir. Thus, for iustnuce, though the qmintity of water 
backed up by the flood-tide in the Garonne, the Dordogne, and the 
Isle, has only a small intlueuce on the discharge of the ebb at the 
outlet of tlie Oironde, 47 miles below the conHnenee of its tw" 
main tributaries, the action of the reservoirs formed by the 
Garonne and Dordogne increases rajddly on approaching their 
confluence into the Giroude,' Fig, 13, Plate 4, Moreover, as the 
discharge at each point regulates the section, and consequently the 
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volume of water which flows np and down at this place, 
section, even of the outlet of tlie Gironde, deponds upon the Tolum 
of water stored in Iho upper reservoirs formed hy tha two large 



A similar effect is produced when a river traverses large area 
covered and uncovered by each tide, for the ontflow from thesfl 
Teservoirs increases the section of the channel helow thai 
usually increases its depth. Tha little river Odet, discliarging] 
only 140 to 2S0 cubic feat par second at its low stage, flowB I 
through a large mere 2 miles below Quiraper, called Ledanou, 
which is in communication with several lateral branches main- 
tained by small streams, together forming regular inner estuaries.' 
The rise of equinoctial spring-tides is 1+j feat, and tha capacity 
of these reservoirs amounts to about 18,000,000 cubic yards. The 
bed of the Odet below the mere constitutes a neck 8 miles long, 
820 feet wide in its upper portion, and 720 feet wide at its outlet. 
The river, which is barely 12 mites long, and brings down very 
little alluviiun, has a very small depth above the mere, and its 
high- and low-water lines have sharp slopes ; but below tha mere, 
the depth in tha main channel varies from 17 to 40 feet, and even 
."iO feet, and the lines of high and low water are nearly horizontal. 
If a portion of this reservoir was out off, the tidal water entering 
and leaving the river would be diminished ; and though the tidal 
range might be slightly increased in the upper part of the river, 
the depth in the neck would be reduced ; whereas an enlargement 
of the reservoir would produce a deepening in the channel below. 
The Yare furnishes a similar instance, for near Yarmouth it 
flows through a vast expanse, called Breydon Water, which is 
uncovered at low tide ; but as the range of springs on that part 
of tha ooast is only 6 feet, the river, along tha 2 miles between 
the port of Yarmouth and the North Sea, only attains a depth of 
10 to 14 feet. 

The tidal water which enters a tidal river is generally much 
larger in volume than the fresh water; and it especially assists 
the ebb current in deepening the approach to the river, if, spread- 
ing over an estuary, it ia concentrated into the outlet channel by a 
narrow mouth. Thus if the channel of the tidal Seine was pro- 
longed to Havre between two training- walls, Fig. 4, Plata 4, so 
as to attain a depth of about 46 feet at low water, the channel 
would receive, during the flood of a spring-tide, about 3,000,000 
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cubic yards of freah water from inland, and 504,000,000 cubic 
yards of water from the sea. Inolndiag, however, the contents 
of the estuary outside the channel, between ita shores and the pro- 
posed Villerville breakwater, the tidal water would be ioCTeased 
by 783,000,000 cubic yards ; so that during the ehb, adding the 
fresh-water discharge during a whole tide, the total discharge of 
the Seine would amount to 1,293,000,000 cubic yards, as compared 
with 3,000,000 cubic yards of fresh water discharged during the 
ebb. 

The reclamation of natural tidal reservoirs Injured the port of 
Ostend, and sluiciug-basius have had to be formed to supply their 
place. Estuaries with a narrow outlet are likewise reservoirs; 
and it is almost always very important to avoid reducing them by 
reclamations. This was fully appreciated by the Dublin autho- 
rities, who prohibited any reclamation of land within the artificial 
estuary of the LifFey, formed by breakwaters at its mouth. In 
order thut reservoirs may be really useful, the waters which flow 
into them must not fill them up with sediment ; their entrance 
must not be so situated as to produce dangerous eddies in the 
main channel ; and the channel of the river below must be suf- 
ficiently wide or deep to afibrd a free outflow for the water from 
the reservoir and from the river. If the outlet is not large 
enough, the level of low water is raised ; the river above is de- 
prived of a portion of the tidal water ; and the level of high 
water is depressed. 

Clianyfahk' Narrcte Outlets. — Some narrow outlets, like the outlet 
of Aroachon Bay, Tig. 1, Plate 4, are formed by the travel of sand 
or shingle along the coast; and their width is altered by the pro- 
longation of the shore-line of drift, or by the erosion of the coast. 
If the shore-line is cut in various places, as at the mouth of the 
Biver Senegal, Fig. 10, Plate 4, the outlet is too changeable to 
produce the efl'ect of a neck seawards ; but this is not so above, 
although the changes in the outlet are not without influence if the 
neck is prolonged inland by a narrow stable channel. Thus the 
estuary channel has a depth of 59 feet opposite Arcachon ; and 
the Senegal has a depth of 26 to 36 feet between its outlet and St. 
Louis. As the outlet-channel of the Senegal, diverted by the 
drift along the coast, is stopped at the Mousseguiob dunes, where 
the tenacity of the soil prevents erosion from prolonging the 
channel southwards, Mr. Bouquet de la Grye has proposed to 
create similarly a fixed outlet to the north, by guiding it between 
jetties arranged as shown on Fig. 5, Plate +, so as not to stop the 
travel of sand along the coast. The Author has proposed the 
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adoption of a similar plan for creating a fixed deep entrance to j 
Arcachon Bay, near the lighthouse of Cape F^ret ; and the chaoges 
of the outlet of the Yare were etoppeiS by a similar expedient. 

InvHiigati'm <'/ various Mouths of TUtterg. — -The Author proposes 
now to esamine some estnaries belon^ng to the second class, and 
to point out the theoretical consequences which appear to result i 
from these investigations. In order, however, to understand ( 
lielter the phenomena taking place in these estuaries, it will bo j 
nspfnl to note the facts observed at the mouth of the Rhone, 
where the range of tides is extremely small. As described by 
Mr. Gnerard,^ there is, at the mouth of the Rhone, a mound of J 
deposit over which the river flows between two submarine banks; 
iitiil the materials carried down by the river are deposited on the ] 
sides and end of the basin formed by the river, and raise tliam 
gniduttlly, till at length, when the outlet becomes insufficient for j 
tiie waters of the Rhone, a passage is forced through the bar at i 
the end, which consequently varies in height. 

The east coast of Great Britain is sheltered from the direct ' 
Mtion of the prevalent westerly and north-westerly winds ; and it 
■■S moreover, intersected by great recesses, such as the Moray 
Firth, the Tirth of Forth, and the Thames, reducing the quantity 
ofaand and shingle travelling along the coast. The amount of 
drift, therefore, which reaches the mouths of the rivers, is some- i 
timM very small, whilst it is greater in the indentations of the J 
coast. 

Us Tay.—The River Tay, unlike the Seine, brings down large 
qnaatities of sand and detritus ; whilst little material arrives from 
"long the coast. Fig. 11, Plate 4; and Mr. D. Cunningham, 
M. Inst. C.E., baa stated that the sands in the lower part of this 
'i'er are contioually descending to the sea,'^ their rate of travel 
iioraasing as they approach the contraction in the estuary at Tay- 
port, a little below Dundee, where the width, which is about 2i^ 
aiiies above, is reduced to 270 yards, with a depth of 59 feet, 
fhfl rise of the tide at springs at the mouth of the Tay is 15j feet. 
Two channels extend above the neck with depths of 18 feet, one to 
'lie north for 6,200 yards, nearly up to Dundee, and the other to the 
Muth for about 6,700 yards. Below Tayport, the sands and shingle i 
owe formed two converging banks, between which the river Bows, j 
\ a bar at their outer ends, 8^ miles beyond the neck, o 
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which thore ia a depth of 21 feet at low water. Itt this enclosure, 
tho current increases in velocity out to the bar; and the sand is 
mrriod miiiiily to the sea, partly in suspension, but mostly rolled 
along near the liuttoiit. The left bank has forineil a groyne, -wliich 
retains the enmll nmoiint nf sntid coming from the north, creating 
a little bank n^^ar Itmldon Ness. 

The travel of the snnds is in exactly opposite directions in &e 
eitimries of the Seine and the Tay. owing to their different origin; 
for tho Kcino estuary has been blooied up by sand coming from 
the ma i whereas in the Tay estuary, where the low-water level of 
upring-tides at Dundee ditlers by only 6 inches from low-watar 
level in the sea. the tidal onrrents have brought down large 
<l\iunUtiea of wand into the lower estuary, which have increased 
the liaiiks near the mouth without encumbering the channel. 

KMtuuriuM will next \m considered which receive sand both from 
above and tielow, such as tho Maas, the Gironde, and some others. 

ThK jVnn». — After reoeivinj: the waters of the Waal and the 
lieuk, tho MattB flows into tho North Sea throTigh several brandies, 
the principal one of which passes Rotterdam; and the rise of 
nvorapti 8 pr in ft- tides is only 5 feet 7 inches. Eeceiving both the 
ulluviuiii of the Mans and the sands of the Dultb coast from the 
north, tho funnel- ahaiied estnary. Fig. 12, Plate 4, tended to fill 
up i and tho notion of the sea has been aiiied by reclamations 
ulon(t»tdo tho river, its water area having been reduced from 42 
wiuare miles in I'Si) to 27 square miles in 1860. The Botterdwn 
ohaniicl diiwhargwl tlirongh two branches into the midst of the 
luinks which iMtnlored the coast, it became shallower, and the lar 
wan raised 4[ feet, 

I'o remedy this condition, the Hook of Holland was ent throagh, 
and the Mtius was regulated from Rrimpen and Rotterdam down 
to the sea. The width between the jetties at the outlet, which 
was at first made 2,1'53 feet, has been reduced to 2,300 feet ; and 
Kiiialt groynes hnvo l>een placed along the coast to the north, to 
I'licck tho progress! of the sands. The lines of soundings ot 
.'W foct, uhont l\ mile off tho ooast, have not advanced seawards; 
but tho snialler depths have notably decreased near the new 
outlet;* thus the head of the north jetty, bailt in a depth of 
2tii feet at low water, is now in a depth of only 16^ feet; and 
the line of sonndings of 1 6t feet, which was formerly 1,100 y»w» 
from the shore, has gone 820 yards further out. Since IGSO, 
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however, this progression has ceasol ;' the deepening near the 
shoie is proceeding slowly nnJer the aclion of the concentrated 
Dnrrent in front of the ends of the jetties ; and, nnlike all the 
other ontlets to the sea in Holland, there is no sign of a bar or 
atoal opposite the new ontlet. la spite of the present relatively 
stable condition at the outlet, it is to be apprehended that the 
aaods from the north, which created the Hook of Holland, will 
evsntnally form a hank on the north side of the channel, and even 
overlap it; but an adequate depth might remain oVer the bar. 

Hitherto the results of the work have been most satisfactory, 
for the minimTiTH depth in a channel 111) yards wide, between the 
jetties and beyond, has reached 23j feet; and deep water has 
|ienetrated farther into the channeh Except at Zniden, abont 
S( miles below Haasslnis, there was in ISfll, over all the slioala 
between Eotterdam and the sea, a niinimnm depth of 21 J feet at 
Wwater for a width of at least 110 yards. 

Tlie Gironde. — This estnary has been described at length else- 
where by the Author.-^ The rise of tide at the mouth of the 
Ciironde is 1 6 J feet at springs. A considerable amount of alluvinm 
is bronght down by the Garonne and the Dordogne ; and sand is 
brought into the Gironde from the sea by the flood-tide round the 
Pointe de Grave, Fig. 13, Plate 4. Nevertheleaa, this long 
eatnary maintains itself by discharging into the sea the materials 
brought into it. The contraction at the Pointe de Grave, which 
nducea its width from 6| to 3 miles, gives rise above to three 
channels, with depths of at least 33 feet for 9.V to 10 miles from 
the Pointe de Gra^e. At their upper end in front of By, nearly 
12 miles above Grave, there is a wide fiat shoal or inner bar, over 
which there is a depth of 10 to 14^ feet at low tide, which the 
Anthor considers to he beyond the influence of the neck, and 
sttribntes to the undue width of the estuary in relation to its 
liischarge at this part. In the neok itself, the dejjth attains 
100 feet; and a channel below, 15 miles ioag, extends to the bar, 
over which there is a depth of 2!)^ feet. Beyond the neck, sand 
comes in abundantly from the west and south-west ; and the 
channel leaves on this side a series of banks, through which it 
occasionally opens a passage. The materials brought down by 
the Garonne and the Dordogne are readily distinguished, and are 
found partly on these hanks, and partly beyond the bar, 17^ miles 
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from the Pointe de Grave, AUhongli the width varies in the 

Gironde, the eectional area below mean tide increases regularly ■ 
from the Bee d'Anibfes to the Pointe de Grave, and even in 
necW. The effect of the neck is most distinct ; and the deeired 
equilibrium for maintaining an estuary appears to be realized o 
the Gironde. 

The Tagtin. — -A similar equilibrium is not attained in the TaguSr 
where a neck, about 6! milea long, separates its estuary from th» 
sea. Fig. 14, Plate 4. The tide rises 12 feet at springs outside this 
neck, whose width is about 1 J mile opposite Belem Castle, and 
is fairly uniform, and whose depth attains 118 to 160 feet. The 
estuary, known as the Bay of Lisbon, has a width of 5J miles [ 
and there is a channel in it which has a depth of 33 feet as far 
as 4.', miles from the neck ; whilst the channel below the neck 
extends for 7^ miles out to the southern bar, over which there is 
still a depth of 36 feet. The lower part of this outer channel 
resembles in form the Rhone bar previously described ; it arrests 1 
the sands travelling northwards along this coast, and has formed 
the bank of Alpeidao, which resembles the banks outside Poole 
harbour and the estuaries of the Tay and the Foyle, due to 
similar causes. The Tagns is torrential throughout its conrse, 
passing abruptly from, an insignificant flow to a very large 
discharge ; it has a rapid fall down to its outlet into its estuary, 
and it carries along a quantity of sand and gravel. Consequently, 
this estuary tends to silt up, though it has existed for many 
centuries. 

The Foyle. — This river flows into an estuary on the north coast 
of Ireland, lb\ miles long and 13^ miles wide, which is protected 
from westerly and north-westerly winds by the mountains of 
Donegal, Fig. 16, Plate 4. The sands are driven along the coast 
by easterly winds, as proved by the neighbouring outlet of the 
little river Bann ; and these sands have formed a shore-line like 
that at Arcachon, which would skirt the east coast of the bay if a 
gap in the range of mountains near Londonderry did not give 
vent to the south-west winds. These winds turn the sands from < 
the coast towards the north ; and their action, combined with that of 
the east-north-east winds anil of the littoral current, has gradually 
formed a triangular point, which has now a base of 6 miles and a 
projection of 4 milea, and has formed a neck lietween its extremity 
at Macgilligan Point and the opposite shore. Dunes have been 
formed by north-north-east winds on the northern shore of this 
triangle, and by south-west winds on the shore inside the bay. 
The neck, which is maintained by the outflowing waters, is about 
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,470 yards wide, and has a depth of 72 feet. Above the neot, a 
bannel, having a depth of 33 feet for 6 miles, has a bar 11 miles 
oni the neck, over which there is a depth of lOJ feet at low 
3e ; and below the neck, a chanoel of similar width possesses a 
»pth of 39 feet out to deep water. The sands arrested on the 
atern side of .the channel below Macgilligan Point have formed 
BOB bank, which is very similar Id shape to the bank outside 
oole harbour, Fig. 3, Plate 4. 

The Slangy. — Weicford harbour, on the east coast of Ireland, 
ito ^h.ich the little river Slaney flows, has a length and width of 
\ miles, and is enclosed on the sea- side by a long narrow spit 
ipding at Bosslare Point, leaving on its north side an outlet 
) yards wide, with depths of 33 to 49 feet, Fig. 16, Plate 4. 
e rise of spring-tides at that part of the coast is only 5 feet. 
ro channels branch off above the neck, one of which, the Coal 
Channel, has depths of 10 to 26 feet for nearly 3 miles ; and the 
■'ler, leading to the port of Wesford, has depths of 6^ to 10 
it, and at 2I{ miles from the neck has an inner bar over which 
the depth ia only 5;^ feet at low tide. Seawanla of Rosalare 
t, a channel extends for 1^ mile out to the outer bar, with a 
depth of 10 feet over it. The Dogger bank has been formed on 
the south side of the channel by the sand coming from the south, 
.he same manner as the banks at the mouth of the Ta(;ns, 
Poole harbour, and other places previously mentioned. The 
11 depth of the channels ia due to the feeble rise of tide, the 
small discharge of the river, and reclamations in the estuary. 

The Teeg. — A fairly large quantity of alluvium is brought down 
by the Tees in flood-time ; and its estuary also receives the aands 
which travel from north to south along the east coast of England. 
The Tees estuary ia 3£ miles long and 4J miles wide ; and the 
sandbank which enclosed it to the east in advance of Tod Point, 
left it an outlet to the sea 1 J mile wide, which has been partially 
closed by a long breakwater.' The rise of spring-tides at its 
month is 15 feet. Two channels have been formed above the 
outlet, one extending to the inner part of the estuary, into which 
the Tees flows at Cargo Fleet, and the other running westwards 
towards Greatham Creek. The improvement works carried out 
oQ the Tees, and their results have been already described in 
detail by the late Mr. John Fowler, M. Inst. C.E.^ It has been 
possible to reclaim 2,600 acres from the estuary without injury 
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to Ihe nayigation. Latterly the accretions in I 

the outer part of the Latf-tide training- wall on the left bank 

led to the removal of its outer end; and the prolongation of 
north breakwater has been provisionally stopped. The 
left at tho outlet has been reduced by a bank which has formt 
the right bank near the end of the south breakwater. ! 
channel at this part has Litberto maintained the same depth; 
time only will show whether the opening left to the Bands of, 
coast is not wide enough to promote the silting up of the estu 
In this case the north breakwater would be extended towards 
end of the south breakwater, which would divert into the chai 
the water which escapes along the coast during the ebb, andj 
forming a fixed neck wonld ensure the maintenance of the dad 
depths in the neighbouring parts of the channels. A project £ 
funnel-shaped mouth was rejected in 1842. 

Thf Tijne. — In addition to training- works and dredging in 
river up to Newcastle, the channel across the sandy bar, 
by the sea at the month of the Tyne, has been protected by 
converging breakwaters, which enclose a little estuary 1^ mile 
and § mile wide,^ These breakwaters extend into a depth of, 
feet, and leave an outlet of about 1,000 feet between 
extremities, the rise of tide at spriugs being 14J feet, 
channel of the Tyne at the port of Shields has the 
as the outlet, and depths of 20 to 36 feet at low tide. 

The. Liffeij. —Two converging breakwaters have also been 
atruotod at the mouth of the Liffey, at the approach to the ] 
Dublin, enclosing an eistnary about 3 miles long and 1 
wide, and leaving an outlet 1,000 feet wide, with a depth of' 
feet at low tide, the rise of tide at springs being 13 feet.^ Tl 
is u channel up to Dublin, improved by dredging, with a i 
depth of 12 feet; and an outer channel extends nearly a TCi 
l«youd tho outlet, with a depth of 18 feet; whilst the depth ei 
the bar, which formerly was only OJ f^^t, is now 15 feet,J 
project for a funnel-shaped mouth was urged for a long timftj 
the Liffey, and was finally rejected. | 

The Author wonld observe that there is hardly a case in £n^ 
of the raouth of a river trained in a funnel shape to deep wat 
whereas closed estuaries with a narrow outlet have been crea( 
in frant of the Liffey, the Tyne, and the Tees. This latter sysl 
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appears to liavo been preferred by engineers, and the ohoico 
ippears to the Anthor to have been amply justified by its success. 



Final Cossidkrations, | 

The divergence of opinion manifested by engineers as to the 
!ibrm to be given to the mouths of rivers is partly due, the Autiior 
:eonsiders, to its not having been sufficiently observed that the free 
propagation of the tides up a river, and their ready outflow, require 
the progressivB increase of the sectional area of the channel far 
toiore than that of the width. A deep, narrow channel aifords a 
greater discharge, and renders easier the propagation of the tidal 
^rave than a shallow channel of the same sectional area. It is no 
d.oubt advantageous to augment to the utmost the volume of tidal 
■Water entering a river; but local contractions offer no serioiia 
obstacle to this, unless the sectional area does not comply with the ' 
law of the regular increase of the discharge, and of the propa- 
gation of the tidal wave up the centre of the river. The increase 
in the quantity of tidal water introduced may result from the 
Creation of a channel Inoreasing regularly in width seawards, with 
only the depth absolutely necessary for navigation. It may also 
result, as on the Odet and the Yare, from the existence or forma- 
tion of reservoirs in places on the tidal river, or near its mouth, i 
The concentration of the whole of the waters of an estuary in the I 
channel during the ebb, by the creation of a neck near the sea, J 
transforms the estuary into a vast reservoir at a favourable point, 1 
and assists very effectually in securing the same object. j 

The form of the channel through the estuary, and wherever it j 
has to be regulated, should be arranged so as to preserve to the 
utmost the energy of the flood-tide in ascending the river, and 
also to facilitate the efflui of the ebb. It ia expedient to adopt 
curves of very large radius, and to approximate, especially in. the 
estuary, to a straight course. 

The necks which certain estuaries form possess some precious 
qualities. Not only do they collect the waters for maintaining the 
channel during the ebb, but they also produce channels above and 
below, whose depth and length depend on the fresh-water dis- 
charge of the river and the tidal range. The upper channel 
formed by the neck enables the length of the training- walls 
through the estuary to be reduced, or only low training-walla to 
be adopted below a certain point. In all cases the training- walls 
must extend beyond the point where the river might form an , 
inner bar, which is above the end of the channels due to the coa- 
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traded ontlet, and almost always a long distance from tlie o 
The cliannel below the neok nearly always extends far enough el 
to lower the bar. The influence of the neck exteoda a locguT 
seawards of its jetties, and thne enables them to be constmdi 
near the shore, and consequently more easily. The enclosure ■ 
the estuary, moreover, calms the water in the estuary, whicli' 
thus sheltered. IJredgiog or other works can also be carried oi '"- 
id shelter from the sea and the iuroad of sand; and a roadstead i -" 
outer harbour is provided of the greatest valne to navigatiO ■■" 
Lastly, if the neck is made adequately narrow, as is assumed, -' 
seoures the estuary from the incursion of sea sand, or facilitate '-^ 
as on the Gironde and the Tay, the discharge of the material '-■ 
brought down by the river ; and. it produces a state of equilibriTD '- 
which ensures the maintenance of the estuary. ■ 

The passage of the channel across the foreshore between th*" 
coast and deep water, causes the formation of a bank on the sid*^ 
from which the travelling sands come ; and these sands, and tiiJ-s 
alluvium of the river form a sort of basin, as Mr. Guerard hflJ'"" 
pointed out in the case of the Rhone, which generally projecw'' 
from the coast, and in which the channel prolongs itself. Thai-' 
sand driven by the waves continues its travel along the coast, ira'- 
rounding the extremity of the basin which constitntes tliebar. Tbap 
arrangement of jetlies at the mouth of a river, proposed by Mr,!'- 
Bonqnet de la Grye, Fig. 6, Plate 4, allows of this travel of saniP 
not being stopped ; hut it cannot always ensure an adequate depthf 
at the entmuoe for vessels of large draught. 1 

By prolonging the training-walls by jetties out to a distanoti 
where the ■waves no longer affect the bottom, the depth ofwhiolil 
v»Ti«s with the exjKisure of the site and the height of the waves, 1 
Um tmvel of the sand is stopped ; hut it accumulates against one \ 
of rti* jcMieSs And, causing a progression of the shore seawards, 
■CT W t lm Hy oomesrotind the end of the jetty. A method, however, 
•f «l<viatiT^ this defect by groynes and the formation of land ani 
llmwE «loi^ tb* OMwt, has been described. Fig. 7, Tlate 4. 

The ««bA from the ooast which arrives in front of the outlet of a 
Kmnmd tt»m, ram«^ in with the flood-tide ; but the ebb carries it 
wBt 1^ SM« ■Willi the nUnviuw from the river, and it soon continue* 
IturrarTi h'iti^ tbe =l>fT*' This assumes that the ebb current ia 
^ ,;, , .-,i;-iT^ which explains the silting-up of 

^gtp^.. ,„riM. of ■Willi too wide an outlet. It is. 

(j,^, . ^,ttl.-* \he outlet of the trained channel 

rt^rmnVV- in-rr-* ,,1 l»TnJ«^'*« J«"'^ <»ut to deep water, and to 
rrv^thwn w,A wtoRwtt-^^ ^hf general line of the coast Ihat 
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availing winds shall throw on to the shore the sands carried 

^tbe channel. If, in spite of the depth into which the wind- 

E jettj extends, the har should be raised, it is advisable to 

5 the channel seawards. It may even he expedient to make 

e longest jetty project beyond the general line of the 

\b along the coast, since the sea maintains the depths round capes 

projecting points of the shore. The Author, however, 

aiders it preferable to arrest the sand, as previously described, 

Bfore it reaches the trained channel ; and the travel of the sand, 

vluch will continue below the channel, will gradually clear the 

^outh. 

, It is advantageous to place the outlet of a trained channel, in a 
fiumel-shaped estuary, on the side of the entrance away from the 
qnarter whence the sands arrive. But the best plan is to enclose 
■wch an estuary by breakwaters, leaving only a narrow outlet 
Jiist Bufficiont to enable the flood-tide to fill the estuary. This 
aiystem will be the more advantageous in proportion aa the estuary 
is large, the tidal range higher, and the sea-slope steeper ; and for 
the reasons already given, it appears preferable to training a river 
-crat to deep water, even in some cases lowering the bar outside to such 
an extent as to present no impediment to navigation, as at the 
outlet of the Tagua and the Toyle. 

If a river flows only into a small estuary, or if there is no 
«stuary at its mouth, an estuary can often be created by converging 
jetties projecting from the coast. This method has been adopted 
with success for the Liffey and the Tyne. As the outlet for the 
latter river projects beyond the general line of the shore, the 
maintenance of a suitable depth at the entrance of this new estuary 
will be more fully assured. 

3 of drawings, from which 



The Paper is illustrated by four s 
Plate 4 has been prepared. 
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Discussion. 



t Sir Rohert RAW[,isrv,\-, K.C.B., Vice-President,said 
>■ bad heard these elaborate Papers read would have a good deal 
contemplate before they could come to any conclnaion. Thi 
were exceedingly obliged to Mr. Vernon-Harcouit, vrho was a 
indefatigable worker — not speculative, but practical— for hia Papa 
Their thanks were also due to Mr. Partiot for the amount o 
matter he had lirought forward. He (Sir R. Rawlinson) eon' 
aidered, however, that there was too great a mass of matter 
bodied in the Papers to be discuBsed with advantage, and that ii 
they had bad oue-tenth of the matter abstracted and read, the; 
would have been much better able to deal with it. 
might not agree with him in this; but, whether they did ao a 
not, he hoped they would join in a, hearty vote of thanks to ,ih 
Authors of these very able Papers. 
1- Mr. L. ir. Verson-Harcourt said he had treated in his Paper oil 
four distinct questions with regard to the training of rivers. 
Three of those subjects were not referred to in Mr. Partiot't 
Paper, which was confined to the fourth, viz., training-works iB 
tidal estuaries. In order to compare the bars in the case of thi 
Rhone, the Danube, and the Mississippi, the diagrams had bea 
drawn to exactly the same scales. Diagrams were also exhibitei 
of the estuary of the Seine, and the mouth of the Rhone, Th^ 
were not inserted in the Paper, because plans of the delta of thi 
Rhone, and also of the Seine estuary VFould be found in fair^ 
recent volumes of the Proceedings.' The diagram of the Seii 
being the last survey made, namely in 1891, was exhibited for tl 
purpose of comparison with the survey of 1876. The diagri 
showed the lines of sounding of 1875, and also the lines of eoui 
iiig of 1891. Within that period, they had retrogressed aeawardfli 
and deep water was less near the estuary of the Seine than il 
was in 1876. It would hardly be right for him, at the opening 
tbe discussion, to criticize the Paper of Mr. Partiot, which 
been coupled with his own ; but he might point out in what ■ 
he thought the Author wished his Paper to be discussed. He 
had the opportunity of hearing Mr. Partiot express hie views 
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itemational Iclatid Navigation C 
A also at the Paris Congress in 1892, that a narrow neck " 
intial for the proper training of rivers through estuaries. 
l>een considering the subject for a great number 
and one of the schemes which had been eiperimented 
the models referred to, was a scheme brought forward 
by Mr. Partiot in 1859 for the completion of the Seine traioing- 
»orts. What Mr. Partiot would undoubtedly wish to be dis- 
i was, how far it was desirable to narrow the outlet of an 
ry in order to improve the navigable depth of its channelB 
above and below. Two illustratious might show what he 
iBslly would advise. With regard to the estuary of the Kibble, 
vLich was frmuel-shaped and eomething like the Seine, Mr. 
Pwtiot, if consulted, undoubtedly would reoommend the con- 
itrnotion of a breakwater from Southport towards St. Audb's, 
leaviug a small neck near St. Anne's, or a breakwater in a 
revBrse direction, starting from St. Anne's, and leaving a narrow 
outlet near Southport. Also in the case of the Loire, Mr. Partiot 
W suggested that instead of its being left as it was, it would be 
deairable to narrow the existing neck near St. Nazaire, in order to 
improve the channel in the catuary.^ Those illustrations indicated 
&t points that Mr, Partiot would wish to have discussed. Mr. 
Putiot had stated in his Paper that the ebb-tide formed the 
channels above the neck of an estuary, and the flood-tide formed 
the channel outside. He did not see how that could be accepted 
basis of an argument, because one of the channels abovo 
the neck was undoubtedly formed by the flood-tide, whilst tlie 
ohanoel outside was mainly formed by the ebb. For instance, 
tie Sloyno channel running up to Eastham, in the inner Mersey 
ertaaiy, was due to the flood-tide ; whilst the channel below 
Liverpool, out to the liar, was mainly maintained by the ebb. 
He would not, however, criticize the Paper at that stage, but 
woald leave it to receive that full discussion by members that 
Mr. Partiot desired. 

Sir EoBEET Eawlisson, K.C.B., Vice-President, said that the Sh RobBrt 
Papers vrere so elaborate, and bo valuable, that they might be "^* ""on. 
regarded rather for the purpose of reading than of discussion in 
detail. Mr. Vemon-Hatcourt, one of their most valued members, 
had brought before them a very valuable Paper on the training 
of rivers ; and Mr. Partiot had written npon the subject of 
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ix Rutwrt eetaarieB. The French Government had paid much more atten~l 
tion to roads and rivern than the English Government hod 
ever done ; and there were, consequently, esaniples of national 
river-training, canal construction, and harhour improvement in 
France auch as could not he paralleled in England. The English 
Government appeared to have given over everything connected. 
with roads and rivers to individuals or companies. The only 
roads that Lad absorbed national attention were the main 
roads in Ireland and in the Highlands of Scotland, whteli were 
constructed through the interference, and by the aid of the Im- 
perial Government. England was left to the tender mercies of 
Trust Boards. The first thing that an engineer would do, in 
considering so wide a subject as rivers and harbours, would be to 
examine the meteorology of the district, upon which harbours 
depended for their capability of being formed, and for their 
maintenance. Meteorology ^as a very wide subject, and yet its 'i 
primitive elements were simple. They were three in number:' 
the ocean, which provided the water to be evaporated ; the snn'a 
heat to evaporate it ; anil the atmosphere, to carry and spread 
the moisture over the surface of the globe. There was also 
another element that was seldom thought of or discussed, namely. 
the subtle and irresistible power of tlie earthquake. They had 
all heartl what it had been very recently doing in Greeoe* 
Living oouiiMiratively securely upon their own little island, they 
were very much inclined to forget the gigantic forces that were 
only slnitibering. In the comparatively quiet region of Great 
Uribtin, there were annually thirty or forty recorded minor shocie 
of earthquake, and they were not without some effect. Some 
scAiHntiKo lueu Lad recently made a very delicate instrumeal 
Wtt^ which to carry out their researches, and when they had 
■ptHMv^ il thoy could not use it, because they could not S.ni 
k ^ ti ^ H ^i y«tlK« Ml tlio surface of the earth — on the plains, at th( 
tiWtm if <'J*\ flit'". 'T upon the mountains — where it could act 
<^ j>.>w.>E.x iv^sv of the incessant vibrations taking place in thi 
^^^ . .-..i-v (loint where it was applied, Cuvier hai 

f,^ .visting mountains — such as the great range 

•^ \'N, niid the Himalayas, and all the aotivi 

*^ .':-.' the tortiarios, the tertiary formation beinf 

•* i.'i 'iiM>(tu4t with which they were acquainted 

«», ...;;liti i|«iwsiiuably be considered that, even ii 

v^i, vu » slate of permanent repose. Then 
uo iNMfi yi*li>ry of the world beyond a fe* 
'-'n ''** I^t^i*^ monuments as a reooid 
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ese periods could be multiplied by thonsandB, they Sir Roliert 
{Qd tafce as back a, very little way into tlie liiatory of the crust """'l'"'""- 
. They should remember that, while as engineers they 
i priding themselves — and properly^ — upon the magnitude of 
If'wotIis, and tlie efforts they were making to control nature, 
LS a point beyond which they CLiuld not expect to go, and 
J- must work in faith and leave the result to the future. 
i training of rivers had not been carried out to any large 
1 England, and there were many countries where it was 
capable of being carried out to any great extent. In a country 
a the general sorface gradients were steep, be did not see 
|. river-training was to be thonght of. In iSonth Africa, for 
pple — a country which should be the hope of many junior 
Beers — what could be done with the training of some of its 
S which rose in a week from their extreme low-water to 70 
ht, and became roaring torrents? In Australia, again, 
i series of years there might be no appreciable fall of rain 
1 the surface ; and then a series of tornado rains producing 
Jug torrents occurred, so that rivers that had been dry for 
s vertically 120 feet, carrying off all that was in their 
The only method that an engineer could resort to in a 
sitnated would be to make somewhere, not much above 
f water, a track by which bullock wagons and other traiBo 
i over in, the dry season, as was done in Australia; and 
n a notice-board might be put up, similar to that of the Welsh 
en^eer — " Take notice that when this bridge is under water this 
issable." And not only was there that difficulty with 
regard to rivers, but, in the case of harbours and estuaries, there 
was the difBcnlty of the sea. Some years ago a book was written 
npon raised beaches, in which certain beaches were described 
which were considered to have been raised above the sea-level in 
conseqaenee of a gradual rising of the land. The fact was that the 
sea could and did influence and destroy beaches, and also could 
throw up beaches which became dry land, from 12 to 30 feet in 
height, of which the Chesil beach was an instance. At its junction 
with the Isle of Portland, the beach was about 30 feet above high- 
water mark. When once in that district, he heard of a brig that 
was embayed there during a violent onshore storm, which the 
waves lifted up on the top of the 30-foot beach, and it was launched 
down over the other side. That showed that the sea was capable 
of making a beach which might deceive the embryo geologist. It 
was also well known that the sea could waste. If they examined 
old English maps of the east coast, the west beaches, or the soi 



1 (bat within liistoric periods, parishes tliat were 
' very large hud cither disappoared or had become very small. On 
the east coast, the rivers, with one or two exceptions, that floireJ 
into the North Sea were more stumps of rivers, whose eatuariM 
had all been washed away. Geologists, in fact, stated that ths 
North Sea was a very recent snlisidenoe, and was a very shalloT 
sea. Tliey also said that at no very distant period, Great Britain 
and France were joined, there being no intervening English 
Channel. When these things wore remembered, they shonlii be 
very cautious how they entered upon feclamations for forming 
harbours, and should look carefully at what had taken place, and 
what might take place in future. He had recently read in Tk 
Ttmei that the dredging of the channel of the Mersey had deepend 
it so much that vessels could now come in and go out whieh 
previously could not do so ; and the reporter stated that he had no 
donbt that a permanent deep-wuter channel would he made by the 
process now going on ; but knowing what he did of the estniiy 
of the Mersey, he did not think that the improvement conld he 
permanent. Some years ago he had occasion to hold an enquiry 
at Wallasey, and he then read the subject up ; and having to mako 
a survey of the coast, to see ■what encroachments had been going 
on, he found that within a century about 150 feet of the beach 
hud been wasted. A lighthouse which had stood out upon this 
beach had been taken down ; and if the embankment which the 
Cor]jonition tept up waa taken away, thousands of acres inland 
would be submerged, and the flow of high tides would be from 
that portion of the sea to, and throngh Wallasey Pool into the 
Mersey. In earlier periods there was a water connection between 
the upper portion of the Mersey estuary, through the lower parts 
of the Cheshire coast, into the Bee. 

He had found that there had been an examination of the coasts 
of England during the Koman occupation by Antoninus, in which 
the adjacent rivers flowing down into the sea, such as the Conway 
and the Dee, and the Ribblo and the other rivers northward, were 
mentioned, but no Mersey. He satisfied himself that at that period 
there was no direct flow of water from the inland estuary of the 
Mersey above Liveriwol, through the groat banks which now 
inipodod the navigation of the river, which waa at that time a huge 
salt marsh. The very name " Mersey " indicated what it was. The 
upper portion above Liverpool was the "Mere Sea" — "mere "mean- 
ing un inland lake — so called because it had no outlet past Liverpool. 
Liverpool was on the wrong side of the Mersey. If they had been 
fortunate enough to select the Cheshire shore, they would have had 
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deep water all the way down opposite the site of Liverpool, and Sir Robert 
*onid have beeu able to make entrances for their docks to any Kiiwlinion. 
depth they ohose; but now Liverpool was on a lee and shallow 
BWe. The tide rose 20 feet above the old dock sill, and ebbed 
11 feet below it. When he waa connected with the docks, the 
deejiest entrance waa not more than 7 feet below old dock sill. 
-Among the rivers that had been improved, the Clyde had been 
mentioned ; and he wished to draw special attention to it, because 
he regarded it as very liable to be a misleader. Formerly there 
■were only 3 feet of water from Glasgow Bridge to the sea, where 
there were now '29 to 30 feet, this depth having been gained by 
dred^Dg and blasting. Glasgow was a large commercial and 
manufacturing city, which required a deep-water outlet to the 
sea. It could afford to form that outlet and to maintain it. But 
if from any cause the work of maintenance was stopped, the Clyde 
would very rapidly go back to its original condition, with a low- 
water depth not exceeding 2 or 3 feet. If any young engineer 
thought that he could deepen some other river in a similar manner, 
where there were not funds to pay for maintenance, he would only 
bring mischief and ruin to the place. 

He wished to refer for a moment to a great work that had been 
accomplished in their own day— the Suez Canal, which was a passage 
dredged between the Red Bea and tlie Mediterranean. It was a 
great work, but in itself a very simple one. It had been made by 
spending an enormous amount of money in dredging; and it still 
existed as a canal because large sums of money could be afforded 
for maintaining that dredging. If, however, the dredging were 
stopped, in ten or twelve years the canal would be choked up with 
' sand. The subsidence of the banks and the rising of the bottom were 
■ natural evils which men could not control, except by incessant 
. dredging. He had heard it said that the canal was not capable of 
] taking all the traffic that now came upon it ; and people had 
talked of doubling its width. His advice would be that they 
should do nothing of the kind. If further accommodation was 
reqaired. a second canal should he made ; because if they doubled 
the present canal, they would increase fourfold the difBculty of 
Dverooming the rising of the bottom. With regard to the Seine, 
if anyone wanted to know the difficulties that an engineer must 
experience in working there, he should go and see the condition of 
tile inlet to the Seine at high-water spring-tide, and watch the 
aotion of the bore, 10 or 12 feet in height, where the waves were 
tbrovm into confusion. Turner had painted a splendid picture 
which he had called " Quillebeuf," showing that contention of the 
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rt seEi, the waves dashing up, antl the birds catching the fish as they 
"' were thrown out of the sea into the iiir. He wonld be a hold 
engineer who did mnch at Quillebeuf at the entrance to the Sei 
With regard to LarbonrB of refuge, they might go to the Clinniiel 
Islands. England had done her beat to make harbours of refnge 
there ; but she had given it up in despair. It did not pay, and 
what had l>een done was simply lost expenditure, 
■n. Mr. I'. O'Meara said he wiahed to refer especially to the question 
of sand-travel, as opposed to the travel of detritus carried in 
snapension. There was a great difference between the two ; a 
their being mixed up, he thought, had led to very great confusion, 
and perhaps to soine errors, in the designs of ports. The travel 
of line sediment in. aus[iension was effected by the action of 
waves and ourrents; and it moved along coasts, down rivers, | 
and through estnaries under those influences, deposition takin 
place whenever a check occurred in the velocity of the stream. 
The chief method, under those conditions, of improving a harbour 
was Eo to manipulate the currents as to prevent that check, and 
that deposition of sediment. Sand-travel was a totally distinct 
action, although there were features common to both. Sand- travel 
he held to be maintained by the joint action of waves and currents. 
Waves were of two kinds, namely, breakers, and waves of twcilla- 
tion ; and their action was somewhat different. Waves of transla- 
tion turned into breakers as they approached the shore ; and each 
breaker in falling dug a hole, or, at all events, slightly disturbed 
the sand. Immediately, tho existing current shifted the sand a 
few feet or inches ; and so the process of the action of the breakers 
on the sand, assisted by the current, went on. He had often s 
long stretches of beach, after the retreat of tho tide, pitted with 
holes, a foot or more in depth, in the manner described. The 
breakers themselves caused such a current; and those cnrreuts 
■ — whether littoral currents, or currents caused by the action of 
the waves of translation — carried on the sand so lifted for 
a few feet at most. But waves of oscillation had also a very 
powerful influence on the travel of the sand. The first ohservatioQ 
which he made on the subject, fifteen years ago, would esplai 
what he meant. In a narrow tidal channel at the entrance of 
Port Natal, wanting to observe for himself the action of the 
waves and currents on the sand moving in and out under tho 
action of the tides, ho went one day when there was a very slight 
tidal movement, the velocity not exceeding C or 8 inches per 
second. Not having a diving-dress, he dived to the bottom, w 
a good-sized stone in his hand, to assist his passage downwards. 
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and to have something to lay hold of and lieep himself steady Mr. O'Meari 
■while making his observations. The aniall waves, not exceeding 
6 or 8 inches in height on the top, produced a very marked 
effect Tipou the sand below, not only on a certain amount in 
soBpen^ioii close to the bottom, but also on the sand lying on the 
bottom. He noticed as each wave ivas passing overhead, that 
the sand, instead of flowing along regularly, was oscillating. 
The sand rolling along the bottom, as well as that in suspension, 
was oscillating ; and he judged that this was from the effect of 
waves overhead. At the centre of each passage, the velocity was 
very quick; and at a certain point it became quite suspended, 
and he almost thought it went backwards. He thought that 
explained clearly why a slow current, about 6 inches per second, 
could transport such sand, although it was well known that such 
a velocity was not capable of moving sand at all, unaided by a 
wave on the top. Ho wished to direct attention to the marked 
inflnence which even very small waves had in a depth such as that 
in which he made hia observations^ 9 or 10 feet— in facilitating or 
causing the movement of sand at the bottom of rivers or estuaries. 
Judging from what he had observed, he should not tie siir^irised if 
those waves produced movements at a much greater depth than 
21 feet, which, he believed, was generally held to be the limit 
of the disturbing action of waves. He thought that the effect of 
aand-travel at much greater depths was very considerable. He 
thought that 40 or 60 feet was not too great a limit to assign. 
Even at that depth, he imagined, there was a very considerable 
movement of sand, when assisted by such waves acting simul- 
taneously with the current. He should be glad if some engineer, 
■who had electric light at his disposal, would extend the isolated 
observations he had made. By means of a glow-lam]>, more 
knowledge on this point could be attained. The idea of the move- 
ment of sand by currents in conjunction with waves was of very 
easy application, and afforded an explanation of things that were 
almost impossible to explain by the movement and deposition of 
silt in suspension. The action of a groyne, for example, was 
much more easily understood when this idea of sand-travel was 
applied to it. There was retrogression on one side, and aanding-np 
on the other as a natural consequence. In the same way, it was 
evident why, at a bend in a sandy river, the sand was deposited 
on the convex side and removed from, the other. It was simply 
due to a suspension in the movement of the sand, resulting in an 
accumulation on one side, and a consequent retrogression on the 
other, no interruption in the sand-travel occurring on the receding 
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. Bide, beoauM of the Teenng of tlie wares round tha groynft 
The effect of the l>iaa of waves on a sandy beach, or of the mgli 
made by their axes with the beach was also worthy of notice. 
He could point to an instance of ench a bias acting in a Tery 
singnlur manner on the coast at Port XataJ. The axes of the 
rollers radiating from the blnff changed their direction aecordiog 
as they moved roand its extremity. The mere fact of this biu of 
the waves in breaking on 
^'S- 1- the shore was snfficient to 

create a carrent which 
moved the sand in the 
opposite direction to ^a 
natnral movement whicii 
would otherwise be cansed 
by the prevailing citrreiiU 
in the immediate nei^ 
boiirbood, a little distance 
out to sea. The Uosam- 
biqnecnrrent passed along 
the coast nearly from 
north to south, but tlie 
sund moved from south 
fo north ; and he ascribed 
thut almost entirely to 
the action of the bias of 
1 lie waves. He had heard 
Ihc late Sir John Coodfl 
describe this action, and 
he thoroughly agreed with 

Another point to which 
be desired to call atten- 
tion was, that on long 
stretehea of coast affected 
by a prevailing sand- 
travel, concave indenU. 
might be observed followed by convex prominences in the 
contours of the beach, and that these did not remain stationary, 
bnt travelled onwards in the direction of the sand movement. It 
would be possible to produce such a concavity by raking, op 
otherwise disturbing a short portion of the Tieach ; a corresponding 
prominence would at once form on the forward side, and both 
would travel along tho coast for an indefinite time, depending on 
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the inflnenees at work in their course. Similarly, a prominence Mr. O'H 
jirei^eded by an indent, would be formed by projecting a temporary 
groyne or other obstacle from, the beach, just as the water of a river 
"would be raised behind, and lowered in front, for a short time, by 
s temporary dam, on the romoTal of which, a wave would bo 
propagated down the stream. 

The baneful tonguoB of sand which stretched across the moutha 
of rivers and estuaries on sandy coasts, also travelled in a very 
remarkable manner. At Port Natal, for instance, the tongue which 
had now projected itself northward from the bliifF, across the outer 
end of the unfinished works, JVy. 1, and which bad been drawn 
into the channel to a certain extent by the inflowing tides, 
assisted by breakers veering round the present end of the south 
breakwater, was in existence, somewhat further in, long before the 
construction of that work. It used to extend itself northward 
along the line of the bar, pushing before it the navigable entrance 
channel across the bar, till it reached a point about 50 or 100 yards 
northward from the loose stone groyne shown on Fifj. 1. By thia 
time it became cnt through at its root, opposite the centre of the 
straight channel ; and immediately the northern channel, at the 
tip of the tongue, became sanded up, and a new tongue commenced 
to project itself northwards from the bluff, pushing the new channel 
onwards as before. This occurred sometimes in less than a year, 
but frequently took a much longer time. Such tongues receded 
when the sand-travel was reversed, another tongiie advancing from 
the opposite direction. Small travelling rills or ridges, with a 
steep slope on the forward, side, and a flat one behind, were, as far 
aa his experience went, the invariable concomitants of all sand- 
travel, except where breakers were at work. When observed in 
the entrance chanuel at Port Natal, they were about C inches high 
and 6 feet apart or more, with a depth of water of 9 feet, waves 
6 to 8 inches high, and a current of about 6 inches per second. 

Whilst agreeing with Mr. Partiot aa to the beneficial effects of 
curved jetties, of moderate length, at the mouth of a river or 
estuaiy, receiving the ebb currents on the concave face of tlie 
jetty which was on the side nearest to tho approaching sand, he 
could not endorse generally his recommendation of groynes, as 
typified in Fig. 7, Plate 4. He did not doubt that it was possible 
to divert, though not to arrest permanently, a sand-travel, by 
promoting tho formation of dunes by moans of groynes, aa proposed 
by Mr. Bouquet de la Grye, and palisades movable vertically, as 
carried out auccesafully hy Mr. Chamhreleut at the Bay of 
ircachon ; but a heavy sand-travel, of a tliousand cubic yards or 
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^O'Ucara. more per day for instance, would soon oconpy too mncli apace in 
the vicinity of the jetties if diverted into dunes ; and the proposed 
groynes would be estremely expensive on a sandy beach, at 
exposed places. The bluff ridge at Port Natal, Bouth of thfl 
entrance, was a sand dnne 7 or 8 miles long, about 300 feet high, 
and of very old formation. The beach of limestone, howevsr, 
on whifh it rested, seemed to have been raised at least 20 feet 
alwve sea-level by elevating forces. There were recent sanl 
dunes ou the coast of Brazil, which were half a mile broad ormoMt 
260 feet high in places, and extended for hundreds of miles wift 
occasional interruptions. < 

He had now sufficiently explained the processes of sand-tiaW 
by under-drift, as distinct from silting or over-drift, to enable any 
one to apply them to the statements and desoriptions of Mr. Partiot 
He had done so himself very carefully with reference to the works 
recommended for the improvement of the Seine estuary, and founJ 1 
no difficulty in agreeing with the greater part of Mr.Partiot'avery [ 
concise and intelligible observations. He recognized the advontagl i 
of a neck, at, or near the end of an estuary, and tLoroughly ^ 
approved of a contracted entrance as far seaward as posaibUj ' 
with training- walls diverging up-stream therefrom, both of which 
must tend to diminish the influx of s 
widening of the channel of a river 
benefit from the resulting regularity l 
from tidal projmgation. 

r. SLelforj, Mr. SutLFOitn said that the great number of facts contained i 
the Papers would be useful to the Institution for years to comal 
because those who had to study the questions concerned i 
be more likely to draw a correct conclusion from a large ni 
of facts than from a few isolated ones. He believed that dui 
all the years they had discussed rivers and estuaries in that r 
they had never defined what an estuary was from a 
point of view. Even Mr, Partiot, an old and distinguished Frenol 
engineer, had commenced his Paper by a definition of ai 
He had stated that " Estuaries are inlets on or near the sea-coaa 
containing banks which the tides successively cover and li 
That was a very vague and unsatisfactory definition of an 
because it only dealt with the visible effects of the i 
work, and ignored their cause. He then went on to say that tlioj| 
might be divided into two classes, viz., "estuaries devoid of riveiBi 
and estuaries into which rivers flow." Estuaries devoid of rlveiH 
wererather uninteresting to engineers; whilst estuaries into wbic^ 
rivers flowed were full of engineering operations, and were of 



ind also of a gradnil' 
in its descent, in order W) 
a the flow of the stream, an* 



■B.] DISCUSSIOK OH TRAIXINQ OF RITKRS. 91 

iportaDce to them. He would suggest as a proper ilefinition Ui. Shtlfori 
esttuiiy, that it was an arm of the sea having more than one 

cbaanel. To make the point clear, he would refer to the river 
it at hand as an example, viz., the Thames, which was di\-ided 

three compartments — ^the estnary, the tidal river, and the non- 
portion. The tidal portiou^to say nothing about the non- 
had bnt one channel, np and down which both the flood 

ebb passed, and prodnced the most perfect condition which 
the circumstances would allow, so that they had a first-olaRB ttdal 
river. But immediately below Sheernesa, where the estuary oom- 

iosi, there were several channels ; the main flood-streaiu came 
and the main elib-streara went down another. The con- 

lance was that the flood-tide (ended to carry detritus up the 

r, and the ebb in the other channel tended to carry it down 
tberiver, so that there was a continaal shifting of sands between 
the two, a state of things common enough in other estuaries. The 
Uersey had been also mentioned several times as a very interest- 
ing eiample. The upper estuary of the Mersey extended from 
liTerpool to Euncorn ; the tidal wave was impelled through the 
ohsnnel at Liverpool on to the Cheshire side of the Mersey ; and 
l!i6 flnod-tide, by its own momentum, travelled along the line of 
■ leaat resistance to Euncorn. The difference of level between the 
t>To points was, of course, the same for the incline on the 
Cheshire side, and that on the Lancashire side; but as the Cheshire 
side was 50 per cent, longer than the Lancashire side, tho 
greater declivity was on the Lancashire side. The normal result 
waa that the ebb-tide necessarily flowed down the Lancashire 
siiie, because it waa the shortest route. It was a principle that 
should not be ignored in all estuaries, that the ebb-tide always 
Iwk the shortest practicable route to the sea. This he could 
illustrate in a very simple way. If they stood on a sea-shore, 
the wind blowing obliquely, and the waves coming obliquely 
npon the beach, each wave could be seen coming up in tho 
direction in which it was driven ; but it invariably retireil at 
right angles, being tho shortest route to tlie water. Tho tidal 
wave acted much in the same way. A great deal might be said 
ibout Mr, Partiot's view as to the importance of necks, whether 
artificial or natural, at the mouths of estuaries; but he would not 
go into the subject, much less generalize upon it, as by far the 
safest practice was to judge each case upon its merits. lie 
Ihonght that the definition he had given of an engineer's idea of 
an estuary, and the principle of the ebb-tide taking the shortest 
fouto to the sea, where it waa possible to do so, were perfectly 
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Mr. ShclforJ. Bttfe and Bouud engineering. Mr. Vernon -Harcourt tad refenedl 
to the London International Maritime Congress, in wMoh he hall 
taken an active part. What Uad struck him (Mr. Shelford) »t 
that Congress, was that the improvement of entrances to prfe 
was now very largely performed by suction-dredging. It appeared 
that tlie ports on the coasts of France and Belginm were beinjf- 
improved in that manner. Undonhledly, the Lest example of tiat] 
kind of dredging was on the Mersey ; and it had been 
succeBsful. The last aucotinta showed that the depth over It* 
Mersey bar had been doubled. In America, also, they had been 
doing a great deal in the way of improving their harbours lij 
snot ion-dredging. Xo those who had been aconstomed to look 
upon training channels as the only means of getting rid of saoi- 
Iianis, it was a novelty to find suction-drodgers taking the work 
out of the hands of the trainers. 
Mr. Wolfe Mr. J. Wolfe Barry, Vice-President, aa one of the British 
Barry. representatives on the International Technical Commission of the 
Suez Canal, would like to correct an idea of Sir E. Eawlinson'e, 
that the question as to whether the canal should be widened, or 
two canals formed was now under consideration. That uiatl«r 
bad been settled, after a very considerable conflict of opinion, 
about six or seven years ago. Tho British ropresentativos. 
Sir Charles Hartley and the late Sir John Coode, with othen, 
were strongly of opinion that the canal should he widened,! 
in opposition to the scheme which was energetically snpportal 
by many foreign engineers, that two canals should be made. Tha 
widening had been in progress ever since, and was a great succeB 
both from an engineering and nautical jjoint of view. None ol 
the difBcultios which Sir E. Eawlinson feared had been experi- 
enced ; and the amount of subsidence of the banks, and raising ol 
the bottom had been very trifling. The work of dredging for the 
maintenance of tho canal was not great, certainly not nearly 
so great as was anticipated by many engineers in the earlier yean 
of the canal, and did not weigh at all heavily upon the companj'' 
The chief amount of dredging took place in the outletHdiaonel 
at Port Said, where considerable dredging was required, giving: 
rise to anxiety from time to tinie. The entrance was protected 
each side by two long piers, which had been prolonged beyonft 
their original length ; and it was foreseen by many engineert, 
including the late Sir John Hawkshaw, who reported on th* 
subject in 1863, that there was a risk of the sand, drifting 
wards, accumulating on the western side and overlapping tl* 
entrance; which had to some extent taken place from time to' 
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time. The piere being in rough water, exposed to winds and Mr. Wolfe 
Slorms, dredging beyond their estremitiea proved troablesome and °"'y' 
expensive ; but the growth of the deposit had of late years been 
to a very great extent arrested by the removal of the crest of the 
"west pier near its shore end. The upper part of the pier having 
"keen thus lowered in diiferent places from time to time, the saud 
consequently came into the channel where it could be dredged, 
instead of acciimnlating beyond the pierheads. The dredger 
"Working in comparatively smooth water, there was no difficulty 
in dealing with, tho deposit. The work had been in progress for 
some years ; and he believed the whole Technical Commission 
were completely satisfied that this difliculty had been overcome, 
and that they might be certain that the month of the canal 
conld be satisfactorily kept open, and, in fact, deepened. Also, 
apart from the widening of the canal, a great additional depth 
had been given at the same time. On the strong representations of 
the British representatives, the canal was now being carried to a 
depth of 28 feet ; and it was hoped that before long there wonld 
be a depth of 29^ feet from shore to shore. He had mentioned 
these facts becanae ho thought there might be some apprehension, 
from Sir Robert Rawlinson's remarks, of a risk to that important 
water-way from the widening. Instead of there being any risk 
of the bottom rising, a greater depth was really being gained 
than had previously existed; and tho depth would ba increased 
from time to time, so that the water-way would be very greatly 
Improved by the works now in progress, 

Mr. E. D, Marten said that he had recently carried out a small, Mr, Marten, 
bnt successful training-work upon the semi-tidal portion of the 
Severn, a few miles above Gloucester. Tho Severn Commissioners 
had been improving the navigation of tho river for some 30 or 40 
miles ; and among other things, they had had to increase the 
navigable depth of the river, from a minimum of 6 feet at low 
summer level, to 10 feet. For the most part, a certain amount of 
dredging merely had been required; bnt there had been somo 
rather difficult places to deal with, one of them at Wainlode, 
li miles above Gloucester, where there was an awkward bend, tho 
bed of the river consisting of hard marl rock. The rock shelved 
down to the convex side of the bend, so that on the concave sido 
there were only a few inches of water at low summer level ; 
while formerly there was barely a depth of 6 feet on the convex 
aide. Floods and freshets coming down the river, impinged 
on the concave side; and consequently the old channel, on the 
convex side, was almost always impeded by silt, and waa very 
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, diffionlt to keep open ; which difficulty would have been much 
increased after deepening the channel from 6 to 10 feet. It would 
have been very expensive to make a cutting with a lO-footfacB 
through the rock on the concave side, as the channel was 300 feet 
wide round the bend, though only 150 to 200 feet in width ahoTtf 
and below. A training embankment was, therefore, formed o 
concave side, to divert the floods and freshets on to the convei 
side, and so scour out the proposed 10-foot channel, by sinking i 
number of old canal boats end to end along the line of the river 
face of the proposed embankment. These boats only cost about 
£5 each, and were sunk in such a position that their topsjuststood 
alMve the water at low summer level. They were held down by 
short piles driven into the marl rock, and were filled with the rook 
which was dredged from the channel. The whole of the space it 
the back of the boats was also filled with dredged marl rock. 
These works diverted the ordinary summer flow down the new 
channel, but this flow alone was not sufficient to keep open the new 
dredged channel. Accordingly, in order to direct the flood waters 
also down the new channel, five cross-dykes were made, such as 
Mr. Vernon-Harcourt had referred to in his Paper, by placing 
old boat on the newly-formed embankment, nearly at right ang 
to the stream, and depositing over it the hard marl rock dredged 
out of the channel, and so forming a mound at each place. The 
dykes pointed slightly down-stream, and not up-stream as in the 
case described by Mr. Vernon-Harcourt. He thought it would bo 
interesting to know what the advantage was of making them point 
up-stream. If it caused silting to take place between the dykes, 
it would be very advantageous, because it was expedient that the 
spaces between the dykes should fill up and become solid lani 
The trainimg embankment and the dykes had kept the channal 
perfectly free from silt, which had been kept dredged 10 feet 
deep, and with a face of from 4 to 6 feet through the hard 
marl rock round the convex side. That channel had now been 
completed for more than a year; and when he went over tbfl 
site a few days ago, wherever he dropped al sounding-rod o 
floor of the new channel, it gave out a hard, ringing, metallio 
aound, showing that the whole of the dredged channel was ai 
from sand and silt as the flagstones in Westminster Hall. IW 
same channel, when the depth of water was 6 feet only and before 
the training embankment was made, used to be a constant aourea 
of anxiety and trouble, owing to the manner in which it silted up- 
On the Severn they had to be very careful to place nothing i 
river which would tend to increase at all the floods on the meado# 
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lands above. That difficnlty was got over here, partly by the Mr. Mar 
increased Bectiooal area resulting from the dredging, and partly 
by the improved hydraulic mean depth which waa obtained; so 
that, notwithstanding the loss of sectional area caused by the 
embankment, the channel was now more capable of discharging 
floods than it was before the works were undertaken. The only 
BJudety they now had abont the matter was, that for about 60 
yards at the tail-end of the improved channel, a little bed of sand 
and silt tended to form. If this ehoal should increase, it would 
only be necessary to carry the embankment on for a very short 
distance, because 20 or 30 yards past where the little shoal was 
forming, the river became 20 feet deep, and there was no danger of 
any further deposit. 

Mr. G. F. Deacon remarked that the importance of naaking Mr, Dca. 
observations concerning the transport of sand by running water 
had been referred to by Mr. O'Meara. He had conducted a series 
of such observations for the Mersey Docks and Harbour Board, in 
connection with the Manchester Ship-Canal Bills of 1883-4-5, 
the results of which he would endeavour to summarize. Many 
abortive trials were at iirst made ; but an apparatus waa ultimately 
devised which enabled him to obtain perfectly trustworthy and 
conclusive results. The observations were made in a long flat- 
bottomed trough with glass sides, by means of which the behaviour 
of the sand could be accurately observed. The sand was from the 
estuary of the Mersey, the quantities moved were weighed, and 
the surface velocities of the water were carefully mesisured. 
Wben water flowed with a steadily increasing velocity over a 
anrface of such sand, flue pieces of broken shell were first moved ; 
and the surface velocity required to produce such movements was 
considerably less than 1 foot per second. At such velocities, 
however, the sand ])roper waa perfectly stable, and however long 
the flow continued it remained undisturbed ; but the fine pieces 
of shells at the surface of the sand moved in spasmodic leaps, 
accumulating wherever the velocity was somewhat less. 

The first movement of sand began at a surface velocity of 
1'3 foot per second. This movement was confined to the smaller 
isolated grains; and if the same velocity was maintained, the 
grains so moved ranged themselves in parallel bands perpen- 
dicular to the direction of the current, each band taking the form 
of the well-known sand ripples of the sea-shore or sand-bottomed 
stream, with ita flat slope upwards, and its deep slope downwards 
in the direction of the current. At this velocity the profile of 
each sand ripple had a very slow motion of translation, caused by 
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L waad gmjtidta nmui^ sp Ux flatter slope and toppling o 
crest. Tbe ataef downwanl slopo wma therefore being ronsbuitl;' 
•dvknoed at the expensa of tias denadattoa of tbe leaa steep upward 
akqie. At a snrfaoe Tcloci^ of I '5 foot per second, the eand 
ripples wne T«iy periiget, and travelleil with the Etream at 
TelodtT of abovt the ^iVr F*'* <>^ ^^ sorface velocity of tLg 
w»ter i^Fiyg. 5 and 3). At a sni&oe velocity of 1-75, th 
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was reduced to about ^ ^'j ^y, and at a surface velocity of 2 feet to ^^ 
A critical velocity was reached when the surface of the watO) 
moved at 2-125 feet per second, when the sand ripples becamfl 
very irregular, indicating greatly inoreased unsteadiness of moti(d| 
of the water. Up to this point, the whole amount of scour waj 
represented by the volume of the sand-waves multiplied by as 
exceedingly low velocity, always loss than the ^^Ju part of tin 
surface velocity of the water. At about this critical velocity oj 
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2-1 feet per second, the particles rollod by the water up the flat Mr. Desco* 
Blope, instead of toppling over the steop slope, wore occasionally 
carried by the water direct to the nest crest ; and as the velocity 
of the water was gradually increased, an increasing bombard- 
inent of each crest from the crest behind it took place. At about 
2'5 feot per second, another critical velocity was reached, and 
many of the little projectiles cleared the top of the first, or even 
the second crest ahead of that from which thoy were fired. At 
velocities of 2-6 to 2-8 feet per second, the sand ripples 
more and more ghostlike, until, at 2'9 feet per second, 
wholly merged in particles of sand rushing along with 
Water in suspension. After this the scour was of a totally 
t character ; the sand and water became mixed, and a 
int process of lifting, carrying, and depositing of individual 
ensued, the sand being stirred to a depth and lifted to a 
Lt dependent upon the velocity. 
Lttempts had been made to determine the law of scour theoreti- 
ly, and the weight of sand moved had been stated to be pro- 
portioned to the sixth power of the velocity of the water. He 
believed the method of determination to be fallacious; and the 
teenlt was not justified by his observations, which showed that, 
within the limits of the experiments, the weight of sand and silt 
transported was proportional to the fifth power of the surface 
velocity, possibly a little more. These results were shown in 
Fiiji. 2 and 3. The larger curve gave the surface velocity of 
tKe water, and the corresponding w^eight of Mersey sand and 
silt scoured from the up-stream end of a shoal, and conveyed in 
the direction of the stream, so long as its velocity was maintained. 
Under each condition of velocity and correai>onding weight of 
sand moved across any given section, a uniform channel was 
maintained. 

In considering the efiect of proposed works, it seemed to him 
of the utmost importance to have regard to the fifth powers of 
the observed or probable resultant velocities, as the case may be, 
at various cross sections. For example, it could be shown td be 
impossible, in the present condition of the Mersey estuary, for any 
permanent deposit to occur opposite Liverpool ; but it could also lie 
ehown how exceedingly small a loss of tidal capacity, in he basin 
of the upper estnary, was necessary to so far reduce the velocity at 
OTDBS sections above Liverpool, as to cause the banks now exposed 
it iialf-tide to creep down towards the deeper channel between 
laverpool and Birkenhead, and thus in their turn to aggravate 
the redaction of capacity and reduce the scour of the bar. He had 
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Mi. Denton, specially applied this mode of investigation to croas sections of 
Mersey, but it was eqnally applicable to other cases. 

The general result of this invest] gati on, involving the fiftli 
power of the velocity, applied to sand or silt of all degrees of fin* 
ness, and he believed (within the limita of surface velocities np to 
10 feet per second) to all depths also ; but the actual quantity 
sand or silt transported depended upon the size of the individual 
particles, and upon the depth of the water. 

The absolute weights, therefore, of material given were only 
true under the conditions of the particular experiment in question: 
and they might be much larger in practice, especially where, as in 
the case of the Mersey, enormous quantttiea of fine silt were heM 
in suspension up to the Burface of the water, and where, duriis 
each spring-tide, no less than 100,000 tons of solid matter wew 
brought into the estuary, while on the ebb a corresponding qaaatity 
was again returned to tho sea. 
Mt. Vernon- Mr. L. F. Verso n-Harcouht, in reply, said that Sir Eolwrt 
BawIinsDQ had referred to geological changes, but he thought that 
engineers must be content with thinga as they were at the present 
time, and leave to their successors to deal with whatever changes 
they might afterwards find. The French engineers had been buld 
enough, more than a quarter of a century ago, to carry the Seine 
training- works beyond Quilleheuf, in spite of the difflcultiea 
described by Sir Kobert Eawlinson. Eather more than ten yean 
ago, he had, in a discnssion in that room, expressed the opinion 
that the widening of the Suez Canal would be in every respect 
preferable to the construction of a second canal ; ' and he was gl»d 
to hear from Mr. Barry tliat it was being accomplished succeBsfullji 
With regard to material in suspension, and material which was 
travelling along at the bottom, both were found in the Mississipp 
and the Ehone. There was in most rivers, no doubt, some 
material that was carried in suspension, and some material that 
was rolled along the bottom. lu most cases, the material ihti 
was rolled along the bottom was more difficult to deal with in 
these rivers than the matetiLil in suspension. In the case of the 
Ehone, in going over from the Port of St. Loais to MarseiN* 
in a steamer, though they were some distance from the montli 
of the Ehone, they came across the layer of yellow alluvium 
from the river in suspension on the surface ; and by the stirnng 
up from the screw of the steamer, the bluish waters of the MediteT- 
undemeath. Mr. O'Meara had, however, 
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re to the travel of sand, along the coast. In the case Mr. 
rivers, the material was brought down by the rivers " 
Generally, the travel of saod along the coast de- 
led mainly iijion the direction of the [jrevalont and strongest 
the locality, because the winds raised the waves, and 
waves carried the material along the coast. In dealing with 
harbour or river, the direction of travel, the density, and the 
itit of the material should be considered, Mr, O'Meara had 
mentioned that he thonght the movement of material was 
id only to occnr down to a depth of 21 feet. In a Paper 
Mr. Vernon-Har court had read before the Institution 
!73, upon Alderney Harbour, he had mentioned that he had 
'ar as one could judge, that tlie movement of the 
lie base of the Alderney breakwater ceased at a depth of 
ithiug like 21 feet below low water.' He had, however, 
leard since then, tliat at Tynemouth the movement of rubble 
and large bloekis took place ut even a greater depth. Sand was 
1 very different thing from rubble; and if rubble could be 
niDvad by waves at 21 feet below the surface, no doubt sand 
MiiU be moved at a considerably greater depth. Mr. O'Meara 
approved Ijoth of funnel-shaped estuaries, and also of estuaries 
with a narrow neck. There might be cases wliere a narrow neck 
■as advisable, but generally speaking one could hanlly approve 
ofboth those systems of training- works for improving an estuary. 
The difficulty as to the definition of estuaries had been mentioned 
by Mr. Shelford. In Section 4 of the International Inland Naviga- 
iioD Congress at Paris in 1892, tbey liail proposed to deSiie estuaries, 
bnt tbey had been unable to arrive at a satisfactory agreement on 
tl» subject. They came to the conclusion that they could not 
define an estuary, but that everybody knew what an estuary was,^ 
Then with regard to the question of the ebb-tide, mentioned by 
Mr. Shelford, taking the shortest direction. He quite agreed 
with him as regarded the Mersey that the flood-tide ran n]i tlie 
Sloyne Deeps towards Eastham, and that the ebb-tide generally 
skirted the opposite shore. In the case of a winding river it 
would be found that the ebb-tide followed the sinuosities of the 
river, and that the flood-tide took o somewhat straighter course, 
because the ebb-tide followed a course corresponding to that of 
the ordinary discharge of a river without any tide, whereas the 
flood-tide would flow up in a different, and somewhat straighter 

' Minutes of Proceedinga Inat. C.E., viil. iisvii. p. 74. 

' V°" CongrfeB InteniittioDftl do Naviguliou Inttrieure, Parifl, 1892, Proces- 
Teibaux ties StauccB dta Seations, p. fl9(J. 
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■on- course; and, as he had mentioned in his Paper, hlind channila 
'■ would be found in many wide tidal rivers, which were dne to the 
flood-tide, the main low-water channel being due to the ebb. I 
[Mr. Shelford said he quite agreed &s to rivers, but he had epolm 1 
of eetuaries.] He (Mr. Vernon-Haroourt) was thinking of e 
with which he had had to do — the Usk, though the wide outlet of I 
that river could not quite be called an estuary- — where the fl' 
tide could be seen forming blind channels. Even in a wide | 
eBtuary, however, the ebb-tide could not be said to tahe invariaWj 
the shortest route to the sea, for the low-water ebb-tide channd 
wandered about all over a wide estuary in its constant alterations 
of course. Thus, in the inner Mersey estuary, though the Imr- 
water channel was usually near the Lancashire shore, it ran closs J 
along EUesuiere Port, on the Cheshire shore, in 1875; and, ii 
Seine estuary, the main low-water channel was sometimes cloee to 
Havre, and at other times close to Honfleur on the opposite side of 
the estuary. The course of the flood-tide was influenced by the 
direction in which it approached an estuary, and by the form of 
the estuary ; whilst the ebb-tide, though impelled by gravity, and 
therefore tending at first to adopt the straightest course to the sea, 
was soon diverted, as the tide fell, into the deep low-water channel, 
which constantly shifted under the action of winds and the erosioD 
of sandbanks ; and the main object of training-^orks in an estuary 
was to direct the flood- and ebb-tides into one channeh 

With regard to Mr. Marten's question about the dykes in bis 
case pointing down-atream, and in the case of the Rhone pointing 
up-atream, he must mention that the dykes that pointed np-streoJii 
in the Rhone were dipping cross-dykes. The reason why they 
were made, practically in every case, pointing up-stream, was, lie 
believed, in order to make the current converge towards a central 
channel, because the great object on the Rhone, when there was 
very little water, was to get a deep channel, and as much water 
as possible into the centre of the river. 

Narrow necks had been advocated by Mr. Partiot becanae, 
from a study of estuaries, he had found that they wert 
best for estuaries. On previous occasions when Mr. Partiot 
had quoted the Mersey at international congresses, Mr, Vemon- 
Harcourt had suggested that he thought English engineers 
would hardly quote the Mersey as an instance of a satisfactory 
estnary. With regard to Mr. Partiot's proposal with reference 
to the Seine, the objection was this, that if a narrow neck were 
formed at the mouth of the Seine, putting aside all qneationB 
of expense, by the making of a breakwater from TiUerville ' 
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■i nearly to Havre, a large quantity of material would bo brouglit Mr. Vow 

■J in in Buspension, through the narrow neck, as he had him- n"''^"''- 

'1 self seen it on the Havre side of the estnary. That material 

~W would be carried up the estuary by the ra]>icl current through 

w (he narrow neck, would settle in the estuary aa the current 

w slackened, and by degrees silt up the sluicing basin formed by 

r tlae enclosed estuary. Undoubtedly Mr. Partiot would get a large 

I depth in the narrow outlet of the river, and probably would 

t mBtntaia it for a considerable time ; but ho proposed also to put 

fa^ning-waUa into that estuary. Now Mr. Partiot had stated in 

Jttifi Paper, that he quite agreed with the English engineers that it 

■^w-onld have been undesirable to carry out those training- walls in 

t-ixe Mersey which were proposed for the Manchester Ship-Canal in 

a 883 and 1884, If Mr. Partiot agreed with the view that it would 

l>« a disadvantage to put training- walls in such a situation, 

ilr. Vemon-Harcourt should have thought Mr. Partiot must 

a^dmit that, in the case of the Seine, training- walls put into the 

estuary, after it had been converted, into an estuary with a neck, 

"^vonld produce the same results, and that the estuary of the Seine 

"vvould gradually silt up. Mr. Partiot had also referred to the 

"*w"orkB at the mouthy of the Tyna aod the Liffey, which he called 

s-irtificial estuaries. Converging breakwatcs in those situations 

^Mr, Vemon-Harconrt thought no one could doubt were very 

Satisfactory. There was a sheltered place formed where the bar 

(ionld he dredged away, as had been done in the case of the Tyne ; 

or, as in the case of the Lifi'ey, it was possible by concentrating 

tie tidal currents at the outlet to scour away a certain portion of 

1 the bar. The artificial estuary of the Liffey, as it was called, had 

I been increased in tidal capacity by dredging inside the estuary 

■ itself ; therefore it had been possible, in this case, to maintain the 

tidal capacity of this artificial estuary. But that, in his opinion, 

Mb quite a different thing from converting a wide estuary into an 

estuary with a narrow neck. 

Another eubjeci to which Mr. Partiot had referred in his 
Paper was the improvement of rivers by dredging, which he 
seemed to think was undesirable. On the other hand Mr. Vernon- 
Harcourt believed the results of recent works tended to show that 
dredging could be carried ou economically and advantageously 
to a far greater extent than formerly. Dredging, as stated at 
the London International Maritime Congress last year,^ had 
been carried on successfully so far upon the Mersey bar, whicli 

■ iDtenutionitl Maritime CuugreBB, Loadon, IS93, SeoUon I., Miautes of 
Froceadings, p. 60. 
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Hr. Vernon- was So much exposed, that if anywhere dredging might not 
HuoDUTt. ^ Bupposod to be likely to he successful it would be Iharo. 
They had been able hitherto to lower the bar considerably in* 
Boniewhat narrow channel ; and, provided they had sufficient fnndi 
to continue to carry out those works, there was no reason wbj 
they should not be able to inaiotain an improved navigable depth 
over the bar. It was a question of maintenance ; and until lis 
bar had been lowered to the full extent that was necessary, il 
was impossible for anybody to say how much that maintenance 
might be. Nevertheless he believed it wuuld be an advantage to 
Liverpool, not merely in deepening the channel across the bar, but 
also in maintaining the position of the navigable channel, whioh, 
as they knew, tended to shift ; and, by deepening it, the main 
channel would tend to remain in the deepest part. When it wia 
remembered what had been done upon the Clyde, and still inoM 
what had been done upon the Tyne, it must be acknowledged, in 
spite of Mr. Partiot's views, that dredging, as well as training- 
works, afforded a moat valuable means of improving rivers. 
Mr. I'artJot. Mr. H. L. Pabtiot desired to reply first to Mr. Vemon-Harconrt, 
who had recalled the fact that, at the International Inland Navi- 
gation Congress at Paris in 1892, he had expressed surprise t!i»t 
the Mersey was cited as a good river, whereas it was one of 
the worst estuaries that could be named, and that a bar esistcdat 
the end of its outlet channel. He (Mr. Partiot) did not think that 
he had ever stated that the state of the Mersey was satisfactory; 
but he bad pointed out at the congress that the eEistence of the 
bar did not invalidate the law which ne desired to verify, and in 
accordance with which a channel had been formed below the neck, 
extending 9J miles beyond Liverpool with depths of 33 feet' 
Tliis law was, that in estuaries with a neok, a great depth wM 
found in the neck itself, and also deep channels, extending 
generally to great distances from the neck, both into the estuary 
and also towards the sea. This natural fact was proved by 
observations of this class of estuary, of which he had given fonrteen 
examples in his Paper. He could add sixteen others, namely, 
Western Port, Corner Inlet, and Port Phillip in Australia, tko 
Bay of Richmond in North America, Matamooco in the AdriatiOi 
Mitindani in South Africa, Exmonth in England, Lornoch Firth 
and Loch Fleet in Scotland, Lorient estuary in France, the Miniw 
and Mondego rivers, and the Bays of Setuval and Portinjaon in 

' T"* CongrtH lie Navigation Inte'rieure, Paris, 1S02, Procea-Verhoui it 
SeanwB dos Bections, pp. 621, 622. 
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pDctngal, the Cameron nTer on the west coast of Africa, and the Mr. Psiitob 

Rio Grande do Sal in Brazil ; and there must be many m.ore which 

he did not know. With the exception of variations due to local 

ranses, all these thirty examples conformed to the law which he 

}iad indicated. The instances of estua-riea devoid of rivers which 

liB Imd cited, showed that the law did not depend on the rivers 

'which flowed into the estuaries, but on the existence of a neck. 

Those estuaries, however, had not appeared to euterest engineere, 

Iwcause porta could be estafalished on them, like Poole Harbour; 

or Bometimes even these kind of estuaries could be artificially 

oreated for the requirementB of navigation. The estuaries to 

which he bad referred had existed since prehistoric times, althoagh 

the entrances of most of them were exposed to the inroad of sand ; 

a^d experience thus proved that these estuaries maintained them- 

MlveB, or only filled up extremely slowly. This was readily 

explained, for in a funnel-shaped estuary, the flood-tide tlowed in 

orer all the width of the entrance, bringing in sand along this 

gnat extent ; and the ebb-tide dispersed itself over this same 

width, and lost the greater part of its power to carry back the 

sands to the sea. When the entrance, however, was narrowed, the 

eands could only come in along a less length of beach, and the 

action of the ebb was concentrated for throwing back the sand on 

the coast ; and there was a certain width of neck for which this 

concentration sufficed to carry out to sea, not merely the sand 

hrought in by the flood, but also the materials brought down by 

Isrge rivers, such as the Garonne and the Dordogne. If, thereforei 

a neck was formed at the entrance to an estuary, it was certain 

that its efiects would be in conformity with the same laws as those 

which had been manifested by the examples he had given, namely, 

agreat width in the neck, deep channels of a considerable length, 

hoth above and below the neck, and the maintenance of the estuary 

with silting up. A bar might be formed inside estuaries, as found 

in the Foyle near the Flats bank, and in the Gironde above 

Bichard ; and it would therefore be advantageous to construct 

training-walls to lead the river beyond this bar, within the zone 

of action of the neck, as shown in Fig. 9, Plate 4. A directing 

training-wall might be useful beyond, to guide the channel, or to 

prevent its wandering away from a port on the shore. It might 

also be ex]>edient to form a false channel outside the regular 

channel, whose wanderings might combine with the other causes 

in keeping down the level of the sandbanks ; though the Jude 

estuary, and Aroachon Bay proved that this was not indispensable. 

The aim of hia Paper was to deal merely with the theoretical 
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Mr Paitiot. quDNtion of the iniprovDment of estuaries. He must, kcnie?«, 
rcfflark tlint ati investigation of the eabject, quite iitdepeadtal «( 

>tli« question uf the Heine, bud led him t« propose a sTstaa ot 
improvement for oatuariea. Fig. 9, Plate 4, which much resealM 
tlie foheine wliidi other oousideratioiis had caused him to prejHc 
for the Seine. 
Both obitervation and calculation proved that ooDtimctioiif dii 
not prevent tbo diKcbargee of tidal rivers and estnariea fiOB 
luoreasfng continuously down to the sea, and that ziecks did Dot 
approciahly impede the influx of the tide into rivers and estnario. 
OhHervations taken on the Guronne indicated that high water li 
HpringK and neajis reached the same level at Bordeaox as at PoiaU 

• detirave; and the low-water lino at §pring-tides was only aboat 

I ^ foot biglier at iiurdeuux, whilst at neap-tides, it was about i^ 
foot lower there than at the mouth of the Gironde. The tidHl 
iiiliun, uooordingly, wiks not hindered by the neck at Fointe de 
(jlrave. Calculations furnished evidence of this fact, for the hest 
fonmila for the average velocity of the flow of a river, was D = 

. / - . -, (leduood from Prony's formula, which showed that in two 

ei]iial rectangular sections, with equal slopes, the discharges vaded. 
up to a certain limit as the sqnare roots of the depths; and the 
dojjths in the neck at Pointo do Grave reached abont 100 feet beloir 
zero. Lagrange's formula also, K = VolT, gi'^ifg' the rate c^ 
jiropugation of wiivoa, showed that these velocities followed neatly 
tJie same laws. Tho great depths of necks, therefore, explained wty 
necks of euitiililo width and depth did not offer any serions obstacJa 
to the discharge of the water flowing into and out of an estuary, 
or ttJ the jiropugation of tlie tidal wave up a river. His obserra^ 
tions on the Giroiide, given in a previous publication,' showed 
that the velocity of the currents in necks was not a hindrance to 
navigation, because the nock was scoured, and the section therein 
increased, when this velocity exceeded a fairly moderate lircdt. 

lie had pointed out in his Paper that a current which passed 
from a narrow neok into a much wider space lost its velotaly, 
aod exerted only a feeble scouring action on the bottom immeili- 
ately in front ; and he had explained how the channels above and 
below the neck were due to the drawing of the sand towards tlia 
neck. The Kio Grande do Sul in Brazil appeared to him to givfl 
a striking illustration of this fact, where depths of 16J feet did' 

' " Etude BUT ks rivitrpa ii mmco ct Its OBluaircB," H. L. Puttiot, Piril, ] 
1802, p. 38. 
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not extend more thaa 2 miles below the neolc, the rise of tide being Mr. Putiot. 
only 2 feet ; whereas depths of over 33 feet were found up to San 
Jaaa del Norte, 8 miles above the nect. On the Mersey, where 
the river was small, and the tides had a large range, the channels 
of the upper estuary were short, whilst the outlet-channel had 
great depths for over 9 miles. 

Much time had been devoted by Mr. Vemon-Harcourt to amall- 
soale models, with which he had carried out experiments in relation 
to the Mersey and the Seine. The model experiments undertaken at 
Houen had furnished results which were only imperfectly known; 
hut nevertheless he could say that those which had been ascer- 
tained had varied considerably, according to the duration of the 
eiperiment, and the manner in which new sand was placed in the 
model. He thought that Mr. Vemon-Harcourt would have obtained 
different results with his model if he had continued each of his 
experiments for a longer period; and he would, therefore, urge 
tiie importance of the precautions necessary, in using small-scale 
models, to obtain useful results. 

His definition of an estuary had not been considered sufficiently 
exclusive, and consequently as somewhat vague. He was fairly 
in agreement with Mr. Shelford on this subject ; but it seemed 
to him necessary to furnish a definition, because some engineers 
did not consider the inner estuary of the Mersey above Liverpool, 
and the estuary of Lorient above Fort Lonis, to be estuaries. On 
the other hand, some wide spaces inland, such as the branches of 
the Odet below Quimper, and Lodauou were true estuaries. A 
definition of estuaries proposed at the Paris Congress of 1892 by 
Mr. Mengin-Lecreulx had been rejected, and only applied to 
eatnariea with rivers. His definition, however, was general, but 
did not include the wide spaces in rivers where the tide did not 
leave extensive sandbanks uncovered at low water ; and, such as 
j^nras, ho considered it worthy of acceptance. 



1 



Mr. N. DE Sytknko observed that, whilst acknowledging the Mr. Svtenko. 
clear views expressed by the eminent Authors, felt bound to raise 
Bome minor objections. He did not consider it right to take the } 

Bhone regulation works as a model of the system of improving 
the navigable condition of the principal rivers of Europe, though 
the Ehone had, indeed, been improved by means of submerged 
dykes, in conjunction with parallel training- walls, so that a 
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^tuiko. mininmm deptli of 4J feet had )>een obtained in place of 1| foot, 
which vras the available minimam depth up to 1876. Tb> 
physical oonditiona, however, of the Ghone differed materUily 
from those of most of the European rivers which had W 
greatly improved within recent years. The average tall of the 
Rhone being 1 in 2,000 between Lyons and its tuouth, was andi 
liirger than the fall of the Elbe, the Oder, and the Weseriaoi 
its rate of flow also, which amounted in some places to 20 fwt 
jter second, was decidedly greater than that of the other riven of 
Europe- The small discharge of the Hhone, moreover, a,\ 
relative uniformity during all the period that navigatioi 
practicable, and the eolidity of its banks, caused the alliviil 
matter brought down by the river to be of a hard nature, tli« 
greater portion of which reached the sea. without disintegraCic 
The success of the Rhone regulation works possessed at the di 
an importance, owing principally to regulation, in this sp4ciil' 
instance superseding canalization, which till then had been c 
sidered the moat efScient method of improvement, though also 
dearest, In fact the Rhone, in the central portion of its oonrsti 
might be said to lie between two groups of rivers, one of whieh 
required to be improved by canalization and the other by regn- 
lution. On the other hand, when, within the last ten years, tiw 
improvement of the great rivers of central Europe was undertaken, 
which had a very sluggish flow and a moderate fall in a sandy 
stratum, it became necessary to modify the regulation works. Thi 
engineers, relying upon theoretical considerations in their schemw 
of improvement, tried to form a normal channel which shouH 
contain all the water discharged at a given section, whilst p»- 
serving the requisite depth for navigation. It was hoped 
this channel might be formed by half cross-dykes, starting from 
the banks aud from longitudinal training-walls submerged during 
floods. Later on it was realised that the object had been only 
half attained, and that to secure a complete improvement, it 
essential, in forming the normal channel, to take into account the 
minimum summer discharge, as well as the average disohargft 
During the low stage of the river, the trained channel should 
direct the current so as to afford the necessary navigable depti 
along the whole length of the navigable river; and this depUl 
being generally secured during the period of average disohargf^ 
the changes in the channel produced during its somewhat pro* 
longed period had a great influence on the depth. Accordingly 
the destructive and creative power of the current of averigS 
discharge should be employed, by means of euitably AaaffW 
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tniniDg- works, for the formatioa of a proper chaonel, Tiie M 
problem was considerably coinplicuted ia dealing with a river of 
auch a nniqne charaoter aa the Volga in its central portion ; and 
if the system of regulation adopted for the iniprovement of the 
great rivers of central Europe waa applied to the Volga, the 
expense would be enormoue, whilst sucoess would be doubtful. 
TliB Volga, indeed, surpassed all the other European rivers, both in 
its gigantic dimensions, and the immense quantities of silt which 
it was constantly shifting; and, coaeeqaently, irrespectively of 
the cost, its improvement involved a much more complicated 
Jirohlem than any works hitherto carried out on the other Euro- 
pean rivers, and one which the most eminent Bussian. engineers 
bad not yet succeeded in solving. 

He was fully convinced that, in this cose, experiments made in 

imitation of those which Mr. Vernon-Harcourt had so ingeniously 

carried oat in his investigations with regard to the outlet of the 

Seine, could not fail to lead to positive results, Mr. Vernon- 

Sarcourt, however, had to deal with tides, which he could 

reproduce with tolerable facility ; whereas a tideless river, like 

the Volga, was quite a different matter. The deposits produced 

in Mr. Vernon-Haroourt's model, corresponded to some extent to 

the phenomena which actually occurred in the Seine channel, both 

in its open, as well as in its trained portion. Those results were 

obtained by imitating mechanically the flow and ebb of the tide ; 

but the difficulty of imitating, in a model of limited size, the dia- 

plaoements of deposit which produced the shifting shoals of the 

Volga, was all the greater since the changes in the velocity of the 

murent occurred very rarely, though generally regularly and 

during a fairly long period. 

As he was himself proposing similarly to carry out, on simplified 
models, the experiments necessary to investigate the possibility of 
uranging fixed groynes in a movable bed for the purpose of inter- 
cepting the silt and alluvium carried down by the current, which 
waa more rapid at the summit of its parabolic course, and removing 
the deposits by constant dredging with a suction dredger, he must 
acknowledge the great difficulty of establishing clearly certain 
laws aa to the formation of those deposits. Nevertheless, it waa 
Tsry desirable to investigate the subject of the formation of 
deposits in the channels of non-tidal rivers by the experimental 
metliod, which, as proved by Mr. Vernon*Harcourt, gave fairly 
positive results, and not merely theoretical, in the case of tidal 
rivers. So long as the laws concerning the deposit of silt and 
alluviam carried down by a river were not established on a 
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Hi. Sjtfnko. toleralily incontrovertible 'basis, it would be difSonlt to give tha 
preference to the views of either Author as to the improTement 
of estuaries; but, nevertheless, it was sometimes of great import- 
ance to take account of the velocity of flow of a river. 
Jlr. Willcocks. Mr. G. W. WiLLcocKs remarked that, in the improvement of 
rivers, navigation, arterial drainage, and water-power were alwijs 
considered. The fisheries, however, at times of more value thaii 
all these three, appeared to be totally lost sight of. Rivera shonld 
be as valuable for producing food as the farms on dry land ; and 
the engineer should, therefore, know enough of the natural habila 
of the different fish to avoid injuring fisheries by the improve- 
ment of rivers ; and he should try to improve the propagation of 
the useful species without unfairly interfering with other interests. 
The idea that river fishing was only for the pleasure of a few 
rich sportsmen was most misleading. Civilised countries would 
not expend large sums of money on fishery boards and inspeotois 
if this were the only result. The salmon fishery of the Tay wm 
worth £70,000 per annum, that of the Shannon probably £40,0r" 
and of other rivers in proportion. The eel fishery alone of Lough 
Neagh and the lower Bann was worth at least £6,000 per ai 
For the sake of fisheries, shallow margins to rivers should exist in 
some form. In salmon rivers, gravel shoals and shallow margin* 
were the spawning grounds, which should always be covered witk 
water not less than 4 inches deep. If the water subsided, so that' 
the spawn and young fish were left high and dry, they werS' 
naturally destroyed. On the other hand, if the water was tw 
deep, the ova might beconie sterilised. Therefore, in removing^ 
gravel shoals, shutting out shallow margins and encouraging' 
accumulation thereon, and cutting off secondary channels, thtf 
reeds or nests of the salmon were lost. If no compensation 
given, the fisheries would decrease greatly in commercial value 
The velocity of the river, increased in times of flood, mi^il 
disturb, or sweep away the spawn deposited in the gravel 
Elvers also, on their way up from the sea in spring, always kept 
near the banks, to avoid a strong current, against which they w 
unable to swim. For these reasons, continuous training-waUsi 
rising above the level of the dry-weather flow in the non-tidal 
parts of a river, as being carried out on the Rhone, were detri 
mental to the propagation of migratory galmonidce and other useful 
fish. In the Rhone and other Mediterranean rivers, no salmon 
existed, owing to the temperature of the soa, so that the aboval 
remarks were not so strongly applicable to them. But for most 1 
rivers flowing into the Atlantic and Pacific Oceans, not neorn 
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the Equator tlian 40° latitude, it seemed doubtful whether the Mr. Willcod*. 
worka on the Hhone should be taken as an example. 

Mr. J. V. Wilfrid Amor remarked that, in a modern work on Mr, Amo 
geology a principle was very clearly explained^ which had not 
teen alluded to in the present Paper, nor iu previous Papers on 
(legate subjects — in the following extract translated from the 
French : — " The accumulation of sediment (at the bottom of the sea) 
M helped by the property possessed by sea-water of retaining fine 
matter in suapension for a much shorter time than fresh water 
does. Thus, according to Mr. Sidell (quoted in Dana's ' Manual of 
Geology'), sea-water clears itself in fifteen times less time than 
nver-wftter does ; notwithstanding that, on account of its greater 
density, it causes bodies immersed in it to lose one-fortieth more 
e( their weight. By experiments Mr. Sidell proves that preci- 
pitation which required ten to fourteen days to be completed in 
fresh water, took place in fourteen to eighteen hours in saline 
mlntions." ' In consequence of this principle, if a river of given 
Toitime of flow, bringing down a certain amount of alluvial 
natter in suspension, with a given velocity, discharged into a 
fresh-water lake ; while another river, exactly similar, discharged 
into the sea, the result of the precipitating power of salt water 
wonld be that the alluvial matter would be transported to e, 
fifteen times greater distance in the lake than in the sea. Any- 
one studying the two deltas without taking this principle into 
Moonnt, would be very much at a loss to explain their totally 
different characters. When a tidal estuary was full of salt 
water at high tide, the sediment brought down by a fresh- 
water stream discharging into it was almost at once deposited, 
not only on account of the reduced velocity, bat much more 
Mrhapa on account of this precipitating power of salt water. 
This principle accounted to a great extent for the very bene- 
icial eflects of training-jetties at the mouths of rivers ; because, 
yy keeping the river-water separate from the sea-water for a 
jreater length of time and space, they prevented the matter in 
FttBpension from being precipitated close to the mouth of the 
iver. 

Ho could testily from personal experience to the inconvenience 
ansed by the want of training-jetties, as he had been stranded for 
, whole tide on a mud-fiat at the mouth of the Mississippi in 
676, before the late Captain Eads had carried out his great work. 

M. Lapparent. 1882. Premiere partis. Livre 
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r. Also in 1872 he witoessed the painful anxiety of tlia crowd a 
spectators on the old pier ut Portugalete, when in rough weaths 
a ship in distress attempted to cross the bar of the NerTioD. Boil 
the inconvenience and the danger had now been done away witii 
by training-jettiea. 

1. Mr. E. L. CoRTHELL said, with reference to the Paper on "Tin 
Training of Rivers," that the facta and general conclusions wert 
important and vuluahle, and would be of great use to the enginsW 
engaged on river and harbour works. There were, however, 
some few statements and conclusions which he felt ohligei to 
controvert. It was aaaumed by Mr. Vernon-Harcourt that thi 
Onlf of Mexico was a tideloss sea, and that the Mississippi anl! 
other rivers entering it were tideless rivera. Comparatively 
speaking it might be posaihle to so consider it, as the mean Tang> 
of the tidea did not exceed 14 inches in any part of the Galf (A 
Mexico ; but there were tidea of much greater range occnrrii^ 
every month, and sometimes sufRcient to produce a consideralib 
current at ebb-tide, and they were all useful in assisting to nmfc 
and maintain the channel "between training-works. An esamiol 
tion of the tidal range given in his " History of the MissiBsipf 
Jetties " would afford an idea of the force of the tidal cvirrents | 
times.' He had personal knowledge of the tidal conditions i 
several points on the Gulf of Mexico, notably at the rooutl 
of the Mississippi, the Brazos River, the Aransas Pasa, H 
Panuco River, near Tampico, Mexico, and the Coatzacoalcoa Ki*i 
on the Isthmus of Tehuantepec. It might be assumed that th« 
was an effective range of 2 feet for scouring the river-bed »i 
the bara at the montha of the rivers in the Gulf of Mexico. N 
must it be supposed that all the rivers emptying into the Gulf • 
Mexico were delta rivers. The Brazos, Panuco, and Coati'AcoalO 
discharged their watera into the sea through one mouth ; ad 
the hars in the sea had not advanced materially beyond the shon 
line of the country. In fact at Coat za coal coa, the record betwea 
1871 and 1892 showed a recession of the sea^face of the bar. I 

Mr. Vernon-Harcourt, in forming his conclusions as t 
effect of jetties at the mouths of rivers in the Gulf of Mi 
and elsewhere in comparatively tiileless seas, had liased tht „ 
upon a misapprehension of the conditions, for he stated "dent 
matter, rolled along the bottom, soon comes to rest when n 
current is checked on emerging into the sea, and mainly forJI 
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the bar whidt B inTuisUy fevad ta front of ddta oMtlets." It Mr. 
«u evident dnt he hiid mmmMtai *— *-™ Bt a t a m e nte to be oomot 
vhich were mads id pnbiic doaamenlB |mar to tbe eoostractiott 4^ 
the jetties at tfaa moath rfth8M iMiwiy|ii Bwgr. Tbe»8tatc«Maits 
were proved to be enoneoos by Mr. J. B. &ds, tlw projector of 
theee works. The diacmaioM in the ooi iti otei aa i Ulenttore of tli«t 
time was sanuzuLrized tn the " HistofT of the liissisBip}>i Jetties ** 
(pp. 24^49). It vas there shown thftk tbtj little nuUerial ttu 
rolled along the bed of the Missi^pjri Ritw, in its loxrer reodiea 
at least, aud that the \mr w»s fonned slioost entirely from the 
depoidt of sediment held in sospeosion during the progress of the 
river towarda the sea, which was dropped on account of the loss of 
Telocity of the issniag carreat, Bpreading out fan-like over a serai- 
oinmlar area. This sediment was dropped on the onter contour of 
lbs circiilar bar ; the finer sediment being often carried by the 
dimiiushed current far out to sea. 

He must also take exception to the detailed statements and the 
ohftrt which accompanied Mr. Ternou-Harcourt's Paper, This 
chart showed that the 30-foot channel was discontinuous ; and 
while this was a fact, and the statement in the Paper was correct, 
fet the result as exhibited on the chart was tem[>orary, and such 
oooditions were only occasional, and not the normal conditions of 
Ha channel. The contract of Mr. Eads with the United States 
Government required that the channel should be made and 
Biaintaiaed for twenty years, 26 feet deep and 200 feet wide at 
that depth, with a central depth of 30 feet without regard to 
^dth. With rare exceptions, during the fifteen years since this 
ohannel was obtained by the jetties and auxiliary works, the full 

iB required had been maintained. It would be very difficult to 
maintain a channel by a natural current, the widths and depths of 
which should at all times comply with the arbitrary enactments of 
t. law. This channel might be deeper than the law required, and 
flhghtly narrower; or it might be slightly shallower, and much 

f wider. The dredging done from time to time waa mainly for the 
purpose of making what was at all times a sufficiently large 
channel for navigation conform to the exaot requirements of legal 
enactment. The normal conditions of the channel were shown 
in a chart in the report of the Chief of Engineers, United States 
Army, for 1893, where the 30-foot channel was continuous, and 
at least 100 feet wide. Mr. Vernon-Harconrt spoke of the necessity 
at one time of dredging the bar beyond the jetties, where there 
was only about 26^ feet of water. At the time, however, there 
was a 30-foot navigable channel, but not in the direct prolonga- 
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U tion of tlie jetties ; and a cliasnel 'was dredged for the pnrpo«a 
of opening a new channel in this direction. The condition of tlw 
bar then existiDg, which bad made this dredging advisably 
had appeared only once or twice during the last fifteen jeara, 
and was oanBed by "sand-wavea," which occasionally during tba 
flood season travelled down the river, past New Orleans, and 
dividing at the head of the passes into three divisions, went to 
the sea through the three main outlets of the river. During tin 
passage of the sand-wave through the south pass, the 
to be a temporary shoaling, which the natural forces di 
as soon as the sand-wave passed into the gulf. The pecalii 

this condition were fully described in the reports of the 

Engineers, United States Army. It was expected by Mr. Eada, aed' 
by all who were connected vpith the works, that the delta wooU 
constantly advance into the gulf, and that the time would comB, 
considerably remote however, when an extension of the jetties 
would be required. The fact that they had served tbeir important 
purpose for fifteen years, with a probability that without anj 
material extension of the works and with very little dredging, 
either in the jetty channel, or in the sea beyond it for a long 
period of years to eome, was sufficient reason for having espendefl 
a, moderate sum of money upon the construction and maintenance 
of the works. In order that there might be no misapprehension 
as to the amount of dredging required beyond the ends of th9 
jetties in the gulf, the following extract was given from official ■ 



Jamiaty 
August . 
October. 



1 liny 
edaja 



August . . 4 Hays Janunrj . 
Soptemhor . 9 dayn Mny . 
Decctubor ■ ■ i days August . 



3 days. 
2 dajB. 



In a Paper which he was preparing for the Institution on the 
works oouBtructed upon his plans, and under his charge, at the 
mouth of the Panuco Eiver in Mexico, some of the important 
conditions and questions brought forward hy Mr. Vernon- Harcourt 
in his Paper would be fully stated, and the general conclusions 
would be based upon twenty years of professional work along the 
ahores of the Gulf of Mexico, 
i. Mr. L. Luiooi, Engineer-in-chief of the harbour works at 
Leghorn, olaerved that the two Papers under discussion were of 
the highest interest, and marked a, distinct stage of progress in the 
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of the physical features of riveis and estuaries ; matlers that ilt. Luigsi. 
fornierly accounted for in a dabious or tentative manner 
now, in moat coses, explained on well-reasoned and clearly- 
eetahlisbed principles. There was, however, in both Papers one 
pint not clearly defined, for it was practically assnmed that the 
lars or shoals formed at river-mouths or estuariBs were prodncod 
nuunly by the materials deposited by the waters of the river 
itself. This was not precisely the case, as proved by many 
eumples. There were channels of [lerfectly clear water, snch as 
the 8ile, near Venice, the Canale dei Kegi Lagni, near Naples, 
and the Viareggio Canal, near Leghorn, the outlets of which 
nm completely barred ; also the channels between the Venetian 
ligooDs and the sea, throngh which the sea- water was perfectly 
clear, were silted up to within 8 or 10 feet of the sTirface. On 
the other hand, there were many rivers heavily charged with solid 

Mtter, Buoh as the Humber, the Severn, and the Thames, in none 

of whose estuaries were any seriooa obstructions found. It was, 
therefore, evident that the matter brought down by a river was 
nut the only factor to be considered in the formation of the bar. 
Tlisaction of the waves in conveying material along the shore, 
>nd depositing it in any adjacent bay or inlet, had an important 
hearing upon the case. This effect was very distinctly traceable 
it Viareggio, whore there were two jetties, between which a depth 
of 8 or 9 feet of water was maintained by constant dredging. 
Ereiy time, however, that a storm came from the south-west, 
slthongh the channel between the jetties might not be affected, 
the mouth was silted up to 5 or 6 feet. 

Other phenomena tended to prove that the formation of a bar 
depended mainly upon the action of sea waves. The fresh water 
of a river flowing out into the sea formed, according to its force 
or velocity, a sort of barrier or liquid jetty, which acted almost 
like a solid jetty in stopping the travel of suspended matter 
along the shore. The matter thus arrested gradually accuma- 
lated against the liquid jetty, forming a kind of sandy groyne, 
and slowly deflected the outgoing current. This was very evident, 
for the rivers flowing to the North Sea through Germany and 
Flanders could not alter their northerly direction so long as they 
passed through mountainous districts ; but as soon as they reached 
Holland or Belgium, where the rivers were free to flow into the 
sea in any direction, their outlets trended uniformly to the south- 
west, because the prevailing waves wore from north-north-west. 
The more violent the waves, and the more perpondioularly they 
Btmck the shore near the outlet of ' ' 
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ifgi. direction is governed by tbat of the prevailing waves, whiA 
accords more or less with that of the prevailing wimla. 

It was clear that the proportionate effect of the direct boltam 
wave and of the return wave varied with the slope of thesea-b 
and the resultant direction of the gravitating force of the depomted 
or suspended material. The river or estuary current tended to 
diminish the force of the inward wave, and to augment that of the 
return wave, and so far helped to disijerse towards the ojjen sea the 
materials broHghtdown the channel itself. The ebb and flow of the 
volume of tidal water which had to pass over a given point, also 
tended to neutrilise the accumulation of material and to maintain 
a certain proportionate depth. Further, the ebb and flow ^-ere not 
always of equal duration. In many places the former occupiei 
much longer time ; and in such cases the solid matter lieing loager 
esposed to the return waves, the tendency was to sconr tliis solid 
matter towards the open sea, while at the same time the neutral 
line was deflected nearer the shore. This necessarily facilitated 
the scouring work of the return bottom wave in maintainin 
free waterway of the estuary. 

The experience of Italian hydraulic engineers might be lliM 
Biinuaed up : that the estnary or mouth of a river would teep itself 
free of all deposit if the neutral line passed within the estuary «■ 
mouth itself; and that under the contrary condition, there would 
he a continual tendency to silt up. In such cases no pemiaiieDt 
improvement could be effected, escept by oonstructing jetties on 
each side of the chiiunel to eitend beyond the neutral line. The 
Tees, the Tyne, and the Ltli'ey were instances in point, and also 
the Venetian ports of Malamocco and Lido. In the latter, the 
scour obtained by extending the jetties into depths of 20 to 25 feet, 
or slightly beyond the neutral line, had increased the depth of the 
waterways from 8 or 9 feet to 25 feet, and in some places up to 30 
and even 39 feet. The Sulina mouth of the Danube pres 
similar features, the neutral line being at about 20 feet below ths 
mean sea-level ; while in the South Pass of the Mississippi the 
corresponding depth was i>etween 23 and 30 feet. 

If th CO st was in process of erosion there was naturally little 
t 1 y t the formation of a bar ; but if the shore was silting 
th d po t would accumulate behind the windward jetty, aw 
tl t 1 line would gradually be shifted seawards until it 

pa d b J nd the head' of the jetty. The direct bottom W»™ 
th q ing the preponderance, the channel itself wenlfl 

to silt up again unless the protective works were ex- 
te 1 d 1) > ud tlie new position of the neutral liuo ; but each 
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■.t least a certain period of time, it could not lie conceded that it Mr. Lijigg 
''«'aa sufficient to extend them to " where the waves no longer affect 
tie bottom," because it was essential that the waves should a 
tile bottom. Otherwise the alluvium would simply be deposited I 
*t this point, and the useful effect of the jetties would be lost. 
in such cases no bar could be formed, it was because tho waves i 
^id affect the bottom with a prevalence of the rolnm bottom 
^^^ve, causing the alluvium to be carried out to greater depths I 
la the sea. In connection with this, it wag useful to refer to tho 
Btudies of Parodi, Mati, and Cornaglia, which formed so perfect 
a complement to the earlier experience of English hydraulic 
«ngineei^. The results of these researches might be thus ex- 
■Jiressed : (a) the undulatory movement of the eea generates an 
■oscillating bottom wave, alternately towards and from the shore; 
^6) under the crest of a surface wave, the bottom wave moves 
toward the shore, while under the hollow it returns outwards ; 
^e) the force of the bottom wave increases with the height of ] 
■the surface wave, with the increased ' fetch ' or distance from i 
"which the waves arrive, and wilh the depth of the sea at the 
point considered ; (d) the energy of bottom waves may be c 
Biderable at great depths; (e) on a submerged rising bed, 
force of the inward bottom wave is greater than that of the return 
'wave ; (/} matter upon the sea-bod is struck alternately from 
opposite directions ; (3) the component of the weight of this 
matter parallel with the bottom slope may counterbalance the 
effect of the direct or inward bottom wave, or add to the effect of 
the retnru bottom wave, so that the force of the latter is practically 
in excess. Thus on a flat shore the waves have a tendency to * 
wash the materials towards the shore, and to silt up the beach; ' 
■while on a steep sea-bottom the return waves prevail, and the mate- 
rials are carried out to greater depths, and the tendency is to erode 
or denude the beach ; (li) the points at which the reciprocal effects 
of direct and return bottom waves, combined with the component ' 
of the specific weight of the alluvial matter, are counterbalanced, 
form the neutral line ; {i) the greater the force of the waves, the 
flatter the slope of the sea-bed ; and the less the specific weight of 
the suspended material, the deeper is the position of the neutral 
line. In the Mediterranean, this depth varies from 27 to 33 feet; 
0) landward of the neutral line, the bottom waves carry the 
materials toward the shore ; seaward they draw them to greater 
depths ; (i) parallel with the beach, the materials travel in the 
same direction as the waves. "With alternate seta of the wavea- j 
thoy accordingly travel one way or the other; bnt their ultimatet- 1 
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Q that case be specially considered. It waa difficnlt to lay down 
liard-and-fast rules aod formalaa for the treatoient of riTera, 
like recipes in a cookery book, although this had often been 
attempted. There were as luaoy systems as there were rivers; 
what was a success on the llhine might fail on the Daonbe, and 
excellent results were obtained on tlie Rhone by works impossible 
on the Mississippi. What was told them iii the Paper under 
consideration made one wish for more information. The Bhone 
in particular, with its torrential floods and sometimes sadden 
sobaidence, was a most interesting river to observe, and, from an 
engineering point of view, most attractive. Flowing, howeTer, 
into a tideless sea, the mouth was not more complicated to deal 
with than the upland [jarts. It was where the tides had to lie 
reckoned with that the problems become verj- intricate. Not only 
the quantities of water to be dealt with were larger, but ths 
conditions were various and conflicting. The works required to ■ 
obtain any effect were costly; and if found not to answer, W 
costly to alter or to remove. "Works intended to improve the 
navigation through an estuary might have the effect of reolnini- 
ing land, and be fatal to the original object. Many instaneei of 
this might be adduced. For iastaoce, in a case where the entriinoa 
was narrow, so as to obtain a greater scour over the bar in om 
spot, there tiie depth was increased, but two bars were formed, 
one outside and one inside the entrance, and the area enclosed 
gradually silted up, which again reduced the mass of tidal water 
oscillating in the enclosed space. It was often overlooked that 
in an estuary the deepest passes could only be maintained if the 
tidal wave could euter unchecked. The deepening was done by 
the flood-tide, as in most cases the flood slope of the tidal ws^e 
was steeper than the ebb slope. The greater its mass, the greater 
its living force and its maintained velocity, and the shorter the 
period of slack water during which suspended matter precipitatedi 
If it was not feasible to give general rules for the maintenance rf 
upland rivers, it was even more impossible to do so for eatnariea 
The only hint for guidance generally applicable, was not U 
obstruct the ingress or egress of the tidal wave, or to deflect 
suddenly its direction away from the estuary, or from its deepeat 
channel. The velocity with which the flood entered an opening 
in the coast-line was not due solely to gravitation, but also t" 
the living force heaped up in the wave. An instance in point 
was the new mouth of the Maas, where the old mouth, near Brielle, 
was the survival of the fittest pass, those to the north of it hftviDg 
gradually silted up. It wae the free and uatrammelled entrance 
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of the tide, as it came np from the south-west out of the English Mr. 
channel, which kept this pass open. Now, instead, of assisting 
the natural forces in this channel, it was decided to reopen a 
channel on the site of those silted up ages ago, at right angles to 
the littoral currents. Of conrse the results did not answer ex- 
pectations. The entrance jetties, instead of scooping up the 
incoming tide, and leading it inwards with its undiminished 
■velocity, had their opening nearly at right angles to the direction 
of the flood current ; and the power of the inflowing flood was due 
to gravitation principally, losing much of the living force of the 
■wave sweeping past. Besides this, four varying conditions had to 
he dealt with during each tide ; — (1) the flood rising at sea, with 
u current setting north and the river still ebbing; (2) flood at 
sea still rising with a northerly set, and running up easterly in 
the river; (3) ebb at sea with a southerly current, and a current 
Btill going up for a short time ; and (4) ebb at sea with southerly 
current, and ebb in river. To these might be added the slacks of 
high and low water ; and all these were again complicated by the 
differences in the strength and direction of the ■winds, and the 
quantities of upland waters dbcharged. The littoral currents, 
being nearly at right angles to the jetties, impinged on the 
obstructions, caused eddies, and formed pools near the jetty-heads. 
The flood current being the strongest, the deepest pools were 
found on the north sides of the jetty-heads ; and the deepest water 
in the entrance, or the fairway, passed through the pool north of 
the jetty, and not being in the centre of the entrance, caused the 
fairway higher up to curve fantastically. It was only by con- 
tinual and costly dredging that a, sufQcient depth could be mnin- 
tained. The late Captain Blommendal of the Netherlands Eoyal 
Kavy, and hydrographBr-in-chief, repeatedly drew attention, while 
the new plana were discussed, to the dangerous experioient ; but 
his very experienced advice was not listened to, owiug to his 
differing in political opinions from the parliamentary promoters of 
the scheme. Now, however, those who had a practical interest in 
the matter had begun to see that an error had been committed. 
Some who had full local knowledge and experience averred 
that, should dredging be stopped, the cows would be able to 
walk across after a twelvemonth. At all events, the pass was 
not kept sufficiently deep by sconr alone as had been expected. 
Estuary improvements being a hazardous undertaking, the pru- 
dence of the Mersey Dock and Harbour Board must be com- 
mended, as they were content to keep the required depth on the 
Mersey bar by the vast dredging operations which they were at 
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1. jirosent canying out. With regud to Mr. Partiot's V»fts. il 
miglil l>e said, that althongh precedent for the improreiiiefil of 
eetiuries wa§ seldom of great valne, the mocees of tlie jmpceed 
works on the Seine mouth between Harre and BerriOe apptsnd 
problematioal. They prod need the impression that they vooM tod 
more to the reclaiming of land in the estuary than to the otoin- 
iDg of a good tidal fairway. In the same way, if oa tbe catA of 
tia«cony, the flood came ap from the south, a cat across the neck 
iW[Minitiiig the inner tiaain from the sea at Arcaehon might 
□ot give satisfaction; and the liest coarse might be to as^st die 
fittext Harviviug channel now running in a south-westerly direction. 
Working models of tides might give some information, in i 
general way, us to their action on solids of special coDfonuation; 
bnt largo allowances must be made for different or esaggented 
dimeuNioua, and the logical deductions from such observatioBi 
must bo accepted with caution. The temporary or trial-wotti 
tfjioken of were more trustworthy. Similar screens of wattling or 
fascines fixed against piles had frequently been used with satis- 
factory results iiy Captain Eads and his engineers on the Sonth 
I'ass, and by others on the higher reaches of the Mississippi 
and aljove Menipbis. The best way, however, to study an estuary 
was with the sounding-line in band during all states of tide and 
woatlier. 

'1- Mr. P. Oal&hd was of opinion tliat the sectional area of rWei>' 
generally should be increased gradually downn^rd, or fimtiel- 
shaitod, so as to compensate for the gradually decreasing surfaca 
gradient, and the consequently diminishing velocity. Below tht 
tidal limit this increase of sectional area should continue at ■ 
higher rate, so as not only to accommodate the ebb of the tidal 
water, but also the volume of discharge of upland water, arrested 
by the preceding flood-tide. Besides this, the river-mouth should 
lie prolonged into the sea, by dams or jetties, to a point where the 
littoral currents were more sufficiently powerfal to prevent tlw 
deposit of solid matter iu front of the mouth. Where the quantity 
of solid matter brought down by the river was very great, the 
littoral currents might \>e deflected seaward, and it would theolw 
necessary periodically to prolong the jetties. The sea, moreover, 
iu many instances, tended to heap up materials along the coast- 
Hue, by which outlets might be closed; but if the discharge 
seawards could be maintained as the strongest influence, the 
heaping-up action of the sea could be counteracted. It was 
very important, particularly on tidal rivers, to avoid straight 
roaches, as they provided no security for the fixity of the fairway. 
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A series of OTiryes in snccessioii appeared to "be the most satis- M 
factory. It was also highly important that the flood- and ebb- 
tide should follow the same deep-water channel, so as to avoid 
shoals between the two channels, which were always inconvenient 
for navigation. Changes in the river-bed shonld always be closely 
observed by continual sonnding and velocity measurements. This 
was particularly required after high floods and ice, when un- 
espected aud extensive deposits were liable to occur, requiring 
immediate removal by dredging to avoid inconvenience to the 
navigation. 

With regard to Mr. Partiot's reference to the River Maas, he 
would observe that Fig. 12, Plate 4, was misleading, as the 
reclamation there shown was not due to the now works, for those 
areas were warped up ages ago in this formerly very wide estuary. 
Also the width from the mouth upwards and through the Scheiir 
branch had been decreased regularly, so that the funnel-shape was 
maintained far inland. The depth in the new month was at 
present over li6 feet at low water, and about 33 feat at mean high 
water. He would refer to his book' on tidal rivers for a more 
eihanstive treatment of the subject under consideration. 

Mr. G. VAS DiESEN submitted as his opinion, based on obser- m 
vation, that where a river's normal discharge was not increased U 
in volume by confluent rivers, anch a river did not require a 
progressive increase of width downwards for the maintenance 
or increase of its depth. Only below the point where other rivers 
ilischarged into it was a widening desirable, to avoid a dangerous 
rise of the river in times of considerable discharge. 

Where a river flowed into a tideless sea, the decrease in the 
ear face-gradient where it approached the coast would cause a 
diminution of velocity unless the water was prevented from 
escaping sideways. By preventing this lateral escape by main- 
taining a uniform width, the velocity of the current would be 
maintained, and consequently the depth. The depth at sea in 
front must determiue the length of the jetties at the mouth ; 
lint the width between these should in no case be increased, so 
as to prevent the sediment forming shaUowa in the wider part. 

Also for tidal rivers, he considered a, seaward widening of the 
luoiith objectionable, as it checked the conveyance of matter in 
suspension toward the deep sea, forming a bar, or in favourable 
cases a delta. For the improvement of a river flowing through 
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I a delta, the several sniierflnonB passes should be teased. »ai tks 
andivided cnrrent directed throiigb the pass most ad^vaU^uwty 
loatt«d. This was nothing else hnt uhstntcting the unaectsarj 
width frorn the river. The widening of the mouth of k rmt 
toward! Ihe tiea was often recommended for the fit* entnaee rf 
the flood-tide. Admitting that the entrance of large Tidnnn d 
the flood-tide wan favoarable to a strong discharge dmii^ tim 
obb, it wiut not clear why a gradual narrowing of the ri*ertei 
inland should )>e considered to aid this, for a ividenii^ dna- 
ward wiM a nitrrciwing upwards; whereas, in his opinion, vidodi^ 
inland would )>o preferable and moro favourable to tlie free iaffitl. 
of tidul water, although there might be circnmstances nodezwbickk, 
additional space for the flow of liigh tides or the discfaa;^ tf' 
upland waters might be desirable. 
Dr. Mkria. Mr. A. Stikklk roniarked that though there were no riTBrancr 
mtituricM in the district under the charge of General W. F. Ssiill^ 
V.H. Army, of such magnitude as those cited in the Papers, what 
WBN lacking in size was amply made np in numbers. This district 
emlnticed all the rivers and harbours on the western shore of 
I^claware Bay, and on the eastern shore of Chesapeake Bay. « 
far north an the latitude of Wilmington, Delaware, and those on 
the Atluntlo coast between Cape Uenlopen and Cape Charles, li» 
whole being known geographically as "the Peninsola;" whiA 
wa« iudentfld by innumerable streams and bays, especially on tha 
Choiiapeake liny side. The streams of the Chesapeake shore, &0B1 
(!u))e f'harleH to the mouth of the Susquehanna Kiver, had A 
remarkably uniform rise and fall of tide at their entrance^ 
varying only a few tenths of a foot above and below the aversge, 
of 2J foot ; whereas those on the Delaware aide had a rise of tids.- 
invreuBiug steadily from 4 feet at Cape Heulopen to 6 feet at tbt 
mouth of OhriHtiana River. Along the Atlantic coaet, lietweeA 
the capoB named, it varied between 3 and 4 feet. All the rivet* 
on the Cbosapoake Bay entered the bay through wide funnel- 
shaped ostiiarioB, the amallest only of which were obstructed at 
the entrance by bars of littoral drift, caused by the currents toing 
too feeble, and the volume of backwater too small to prevent 
thoir formation. The channels within the rivers were generally 
broad aud deep as far as the tide flowed. The rivers in Delaware 
however, were narrow, shallow, and tortuous, and without es- 
coptiou flowed into the bay through narrow outlets, and across a 
very flat, shoal foreshore, upon which the course of the chaonfll 
oould scaroety be traced, so that their entrances were navigalw 
only at high tide. Whilst the streams on the Chesapeake sids 
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■were Lorilered but little with marshes, those in Delaware tloweii Mr. Stierla. 
through wide expanses of marsh land, recent deposits of allnviiim, 
overgrown with salt grass and leeds, and often covered by the 
■waters of storm-tides. The formation and ontline of the Delaware 
marshes clearly indicated that they occupied the place of former 
estuariea now almost entirely filled up, and that a greater move- 
ment of sedimentary matter, both- during flood- and ebb-tide, took 
place in the Delaware Bay than in the Chesapeake Bay. 

"With one or two exceptions, the commerce on the rivers that 
had been improved by the United States Government in this 
district was comparatively small, and the improvements were made 
mainly for the purpose of creating a new branch of commerce, or 
of largely augmenting that which existed. As the dredged chan- 
nels served the demands of a coastwise or a local trade, their 
dimensions were restricted, in proportion to the present and pro- 
spective commerce of the localities, to a depth of G to 15 feet at 
mean low tide, and to a bottom width of 00 to 300 feet. Since the 
question of cost largely entered into those improvements necessi- 
tating protective works in addition to dredging, they had to be 
limited in extent and carried on with great caution ; and, in view 
of the small extent of commerce to be Lenefited, only a few of these 
rivers warranted any large outlay for their improvement. 

The Christiana lUver in Delaware, Fig. 4, upon which the 
manufacturing and shipbuilding 
town of Wilmington was situated, ^'3- ^■ 

was once a large arm of the Dela- 
ware Kiver. Its tidal capacity was 
gradually much reduced by the 
reclamation of the adjacent low 
lands ; and it was now a narrow 
streamabont 14 miles long, the low- 
water widths in the lower section 
varying between 500 and 800 feet. 
In its present condition, the stream 
■was able to maintain an average 
depth in the channel of 12 feet at 
low tide from the njouth to 3^ miles abovi 

ally increased to 1 5 feet by dredging, the rise of the tide being 6 feet 
at the mouth and 2 feet at the head of the river. Much material, 
especially clay, was swept into it during floods and heavy rains 
from the high uplands to the north and west; and it also formed 
the receptacle for the drainage and sewerage of Wilmington, and, 
Iq consequence, was always charged with sediment. The prin- 
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. oipal olistniotion to navigation was at tbe entrance, where abat 
existed, which originally had 8^ feet of water over it at lor 
water. This bar, in conjunction with a certain portion of tha 
river above it, had been dredged repeatedly to a depth of 12 feel 
previous to 1881, when Colonel W. Ludlow oonstmcted a jetty, 
1,800 feet long, on the north side of the entrance in a. down-rivm 
direction to the tS-foot depth in the Delaware Hiver, upon the ebb 
currents of which its outer end impinged at an angle of 50". Tlie 
jetty had deepened the water over the bar about 2 feet ; but the 
channel had moved up against it, and was now very narrow at the 
outer end. Ko bar had formed outside the jetty, the configaia- 
tion of the bottom being the same now as it was liefore the jetty 
was built. The contraction of the channel was due merely to 
advance under the shelter of the jetty of the foreshore on I 
south side of tbe entrance. It had been saggested to partially 
close the fiinn el-shaped mouth of the river by another jetty on 
the south side, parallel to that on the north, leaving an opening 
of 600 feet at the outer end. General W. F. Smith had presented 
a design for the erection of a barrier consisting of a series of auto- 
uiatio flood-gates, in the place of a second jetty, which would open 
during flood-tide, and close during the ebb, thua obstmctang lU 
little aa possible the influx of the tide, and concentrating the 
outgoing currents upon the narrow channel at tbe crest of the 
bar. The growing shipbuilding interests centring on the Chris- 
tiana Eiver, bad of lato years felt the necessity of an increaae in 
tbe depth of the channel leading to the ship-yards ; and a depth 
of 21 to 24 feet at low water was about to he sought by an. 
extension of the improvement works upon this 

The outlets of the Murderfeill and Saint Jones itivers. Fig. 5, wer9 
about 3,000 feet apart, and emptied' 
into Delaware Bay about 30 miles 
above Cape lien] open. The tidal 
length of both rivers was originally 
21 miles; the former, however, wM 
now over 4 miles shorter, many of 
its long bends having been conneoted 
by " cut-offs." The " cut-offs 
made at first from 25 to 30 feet wide, 
but though some had been widened 
considerably by the river currente, 
than the river proper, which, rt 
90 feet wide. The many 



Fig. 5. 




they were still 

the narrowest point. 



mts, the eddies, and the friction thus created seriously intei 
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fared with the propagation of the tidal wave ; and many of the Mr. Stiwle. , 
"Ijends of the riyer that had been cat off were gradually fiUing np, 
cansing a large reduction in the tidal capacity, the effect of which 
■was particolarly felt at the entrance. The river was in a very 
T>ad condition ; shoals with only 3 feot of water at low tide were of 
ireqnent occurrence ; and the water at the entrance was so shallow 
that the bottom was often bare at very low tides. The Saint 
Jones River, in which considerable dredging had been done during 
the past ten yeara, was a more powerful stream. Before its 
improvement, the rise of the tide was 4'1 feet at the mouth, and 
1-2 foot at Dover, 21 miles above; whereas now the average rise 
was 4*8 feet, and 2-3 feet respectively- At the mouth of the 
Murderkill Eiver, only recently put upon the list of navigable 
streams, the average rise of the tide was 3'8 feet, and at the town 
of Frederica, about 13 miles above, only 1 ■ 1 foot ; whilst the low- 
water slope np the river was much broken, and the ebb current 
almost ceased to run when the flats at the entrance begaa to 
uncover, about three hours before low water in the bay. 

The original plans of improvement for all the rivers in Dela- 
ware were, with one exception, devised between 1879 and 1882; 
and, as their condition was nearly alike, they comprised expensive 
works for improving their entrances. Chiefly for economical 
reasons, the channels inside the rivers were improved first, gene- 
rally to the nearest town at the head of the navigation ; but as 
these were being gradually completed, the question of improving 
the outlets across the flat foreshore, nearly a mile wide, ending 
abruptly in deep water, could no longer he postponed. In 1889 
General Smith proposed the experiment of cutting a deep, straight 
channel across the Bats at the mouth of the Saint Jones Eiver, 
trained on each side by a bank formed with the material dredged 
from the cut; for the improvements within the river, just com- 
pleted, were of little use unless the obstructions at the entrance 
were removed. The commerce of the river hardly warranted the 
oonstructioQ of an expensive jetty ; and, accordingly, the channel 
was dredged ont at a cost of £1,500, to a sectional area slightly 
larger than the largest cross-section in the river. A cut, 60 feet 
wide and 6 feet below mean low water, was made along the axis 
of the proposed channel, from inside tho river to the 6-foot depth 
in the bay, a distance of 4,800 feet; and along each side a smaller 
cut was made, 20 feet wide and only 3 feet deep, the berra thus left 
atrengthoning the sides of the channel against the weight of 
the banks. The excavated material, consisting for 600 feet from 
tho shore of black, pealy, marsh mud, further ont of sand, gravol. 
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r. siiorle. and boolders, mixed with some blue mud near the owter end, w* 
deposited aa far from the edge of the chaDsel aa the boom of tbt 
dredger coold reach. Three years after, the depth along the oentiti 
of the channel was still 6 feet and more for 2,0(J0 feet from tiW 
shore ; the black mndbanks near the shore had settled to high-iral«T 
level, and the gravel and sandbanks further ont were visibleonlyri 
low water. Beyond 2,1)00 feet from the shore, the banks, which 
had been made much lower there than those inshore, on aowmnt 
of the deeper water and corresponding decrease in the quantity 
of material excavated, had disappeared, and the cuts had iKffli 
obliterated. Since then no material changes had taken place, and 
the shoals at the oater end would be dredged to 6 feet, all tht 
depth the present navigation required. A similar channel waf 
now being dredged at tlie mouth of the Murderkill River, coil- 
verging towards the channel from the Saint Jones Eiver, and hoth 
oould be brought together to one outlet, if the growth of the loaJ 
commerce should justify the construction of more durable proteetivB 
works along the channels, as proposed in 1881 by Colonel Lndlow. 
The Mispillion Eiver, Fig. 6, entered Delaware Bay 18 mile* 
j.y g north of Cape Henlopen, and WM 

18 miles long; and it had beenini-' 
proved throughout by dredging * 
channel 40 feet wide and 6 feet 
deep across existing shoals. 11* 
outlet also was barred by a flat 
muddy foreshore about a mile wide, 
and was formerly much further out 
in the bav like the outlets of othffl 
Delaware rivers, as the shorBB <£ 
the bay were being worn aw»y 
gradually by the waves. The ra^ 
ceding of the shore had brought thB. 
coast hne near a bend of the river parallel to it in direction, » 
that the mouth was bounded to the north by a narrow tongue of 
marsh terminated by a long sandy hoot with outlying shoals, 
round which the littoral currents ind the waves carried considerabla 
quantities of ^and into the mouth of the river. The average ri«' 
of the tide was 4 feet. General Smith had proposed trying, in tha 
first instance, to dredge a cut across the flats in a south-easterly \ 
direction, 150 feet wide and 6 feet deep at mean low water, pro- ^ 
tected along the north side by a bank of excavated materid j 
deposited by the dredger; but an attempt made a year ago, at the-^ 
inner end of the cat, proved ineffectual, as the strong set of th 
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tide and waves continually levelled down the banks and swept the Mr. StiecU 
excavated material Lack into the cuts. It was then decided to con- 
atruot the protective works originally contemplated, consisting of 
a BuLetantial jetty on the, north side, and a dyke of mattresses and 
clay on the south side, commencing on the north side first, aa far 
out as absolutely necessary ; and 500 feet of a pile dyke had already 
been built. 

The Manokin River, Fig. 7, was a tributary of Chesapeake 
Bay; and its estuary, 4 miles wide at the entrance, was 10 miles 
long, and had a fair depth in the channel, diminishing gradually 
from 42 to 9 feet, except within the upper 3 miles, where shallow 
mnd-flftta, with an average depth of 2-3 feet at low tide, extended 
from shore to shore. The river proper above the flats was 
7 miles long, had a mean depth in the channel of 9'4 feet, and a 
width varying between 200 and 400 feet. It received only a 




amall quantity of fresh water, principally surface water from the 
•djoiniug lowlands. The average rise of tide in the estuary was 
8-6 feet. The foot of the tidal wave arrived at the mouth of 
the river with a velocity of 31 feet per second, crossed the flats 
with a velocity of only 1 1 feet per eecond, and passed up the river 
with a velocity increased to 19 feet per second. Navigation was 
carried on by vessels of very light draught, and only during high 
water, the mnd-flata eflectually blochiug the upper river at low 
tide. In ISSO-GeDeral Smith made plans for the improvement of 
the flats by dredging or otherwise. In order to maintain, or, if 
possible, increase the present tidal capacity of the river, and in 
order to allow a free propagation of the tidal wave, it was 
Osculated that a channel across the obstruationa would need, at the 
lower terminus, a sectional area with a mean depth of 13'3 feet 
and a width of 235 feet, and at the upper limits of the flats, a depth 
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Ut. Stfcrla. of 8' 9 feet and a width of 150 feet ; the intermediary cross-sec 
increasiog from above towards the month according to the eqm 
of a curve bused upon the physical oharaoteristic9 of 
This theoretical channel was to be trained along the centre of 1 
estuary, in curves of very large radii, by dykes oa the concave 
of the channel raiseil to low-water level, composed of 
mattresses capped with the stiff blue mud escavated from 
channel ; but the great cost, estimated at £69,850, compelled 
abandonment of the plan. Instead, a channel 100 feet widei 
6 feet deep was being formed, the excavated material being 
posited along the edge of the dredged channel to aid " 
the currents. As a temporary make-shift, and considering 
exposed locality, the improvements made so far were quita 
snceesa. TheManokin River was the only river on ti 
side of the district where training-walla were considered al 
lately necessary for a permanent improvement of the ontlet 
outlets of other rivers requiring a greater navigable dej 
simply improved by dredging. The dredged channi 
indications of shoaling only after a lapse of several yi 
the required depth could be easily restored at small expel 
The material excavated from the channels was taken away 
dumping-scows, and deposited in the indentations of the she 
in deep water some distance off. One of the best illustrations 
Chesapeake Bay of successful open artiBcial channels having 
training-walls, were the extensive improvements made by Colonel 
W. P. Craighill, at the mouth of Patapaeo liiver, forming ths 
approaches to Baltinjore Harbour. Of the many outlets and rivers 
rectified on the Chesapeake by the above- described method, only 
two bad shown a somewhat greater tendency ts ehoaJ, after haying 
been dredged, than others, viz., the entrance to Cambridge Harbour, 
Md., and the bar at the mouth of Onancock Creek, Va. Tha 
deterioration, in both cases, was caused by detritus drifting down 
the north shore with the prevailing winds ; and it might prove 
necessary to arrest the movement of this material by constructing' 
short spur-dykes or groynes at a certain distance above these 
outlets. 

Mr. Caroj. ^'^^ ^- ^- Cakry considered that any accurate data aa to 
artificial scour during the latter part of the ebb-tide on a tidal 
outlet would be of much interest. The system of artificial scour 
was much more common in French harbours than in those of this 
conntry. The danger of applying it was that, while excavating 
deep holes near the flushing reservoirs, the materials so moved 
settled again, shoaling the inner edge of the bar. He knew 
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the variations in tba tra^wai^ idiwhirga. It was often 
fficnlt to apply with preoBoo tlia best gomal niles. He agreed 
ith Mr. VemOD-Harcoiirt in considering that dipping dykes snit- 
a\y directed were geoeially preferable to longitadisal traioin^ 
ulls, for regalating the channel in the tidal portion of a river, 
ad that the sections should increase progressively seawards ; hat 
1 appeared to him essential to consider these sections, rather than 
he actual width of the channel, in r^ard to these variations, 
learing in mind that in sections of oqaal size the resistance to 
notion increased with the width. He would add that the 
leoessity of a considerable amount of dredging, to produce fixity 
in the channel, mtist be admitted, concurrently with the coustmo- 
tion of training- walls, if rapid results were desired. 

The improvement of the mouth of the Adour was at the present 
time an object of special solicitude. The historical records of the 
changes of its outlet indicated that the natural, ancient outlet wiis 
near Cape Breton, !0 miles to the north of its present position, and 
that this was not due to a gradual dirersion, since tho mouths of , 
»11 the rivers of that coast were driven southwards under tho nctioii 
of the littoral drift. It was a now outlet, therefore, that % 

[TiiE mST. C.E. VOL. CXVIll.] | 



' 130 OOBREBPONDENCE OS T&AININa OP filTERS. (Mina 

Mr. EjrlMd fonned in 1578, and not an old ontlet that was reopened. 

■■— Vtrgrm. ci-itjcism of Mr. Vemon-Harconrt on the original solid jetti 
oonfltmcled at the close of the laat centary, appeared to 
juBtifiod ; it wonld certainly have been more advantageous to In 
made them converge, by placing them mttch further apart at til 
ooinmoncement, and carrying them ont rapidly to a great dejri 
Conaidoring, however, the period at which those jettiw m 
oonNtnicted, it was not surprising that there bad been misconca 
lUnut in tliene works, which had been poshed forward sloirlyi 
view of an immediate improvement which could not be maintabij 
At the present day the problem was hotter understood, and tb 
were greater facilities now for obtaining large qoantities 
iiiatoriul than a hundred years ago ; but though they wonld i 
now do the same as their predecessors, they were obliged to ti 
oxisting works into acconnt. He did not know hom what sou 
the figures indicating the hindrance to the influx of the flood-t 
into tlio Adour had been derived ; but it seemed certain that 
tide rose as liigh at Bayonne as outside, and he, therefore, did 
think that the flood-tide was checked as much as suggested; ^A 
he considered that the causes of its stoppage must be sought ratlu 
in tlio irregularities of the bed of the river above Bayonne. Son 
regidation works above had already caused the tide to flow 1! 
niiloB further up than formerly, and had consequently inoreaa 
the tidal volnmo in the river, which method of improvemai 
would 111* ooutinned. The narrowing of the outlet was, indea 
mainly produced by the protrusion of the northeru beach into 
(ihannol, which made the outlet-channel one-third na 
the jetty channel. Since 1856 an endeavour had be 
direiit the ebb current by means of open jetties standing on loi 
nibble mounds, without jiaying any attention to the advance 
the lieach into the channel. It was, unfortunately, true that t) 
roHuIts obt-ainod were not commensurate with the expenditure ' 
aiul though the direction of the outlet-channel had been rendereiS 
more stable, little increase in the minimum depth has beea 
effected by the works over the bar beyond the jetties. The ouS 
definite, thoiigh small, advantage gained was that the lowest pai 
of the bar was now in the navigable channel, whereas formerly 
was outside this channel. 

lie considered that the essential defect of the present state 
tho outlet of the Adour consisted in the openings in the jettiM 
which allowed the sand to invade the channel, producing 
merely projecting shoals inside inconvenient for navigation, 
the bar itself as well. The Adour, indeed, brought no aUuvin^ 
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to the sea, for its waters were clear, and any detritus from inland Mr. i. 
^ as arrested from above Dayonne ; but the ebb-tide rolled sea-**" " 
■wards the sand coming in through the jetties, and deposited it very , 
near their extremities, as the force of the ebb was partly lost I 
in spreading right and left through the openings between the 
cylinders or iron piers. The Adour jetties seawards of the old 
Bolid jetties, exhibited four types of open work, namely, masonry 
■viaducts, masonry columns with iron aiiperstructnre, iron viadncts 
■ with spans of 39J- feet, and, lastly, cast-iron cylinders, 6^ feet in 
„ diameter, and ISJ feet apart centre to centre. The two first types 
^ partially kept back the beach, as their solid base was raised to the 
height of low water of neap-tides, and directed the ebb efficiently, 
Tte very open iron viaduct, with its rabble base levelled at zero, i 
gave free passage to the waves, currents, and sand; but the 1 
irtions of the jetties on cylinders were less disadvantageous, for I 
[gh the rabble base was only raised on the average to IJ foot I 
iw aero, the cylinders left only three-fifths of tbe length open J 
lage of the currents and sand. These open jetties, ^ 
IflH not affording sufficient shelter to vessels passing the jetty 
1, gave rise to the principal ehoals, one at the end of the 
columns on the north side, caused by the sand coming in 
top of the beach, forming a, projection extending sometimes 
into the channel, and the other outside the jetties, con- 
stituting a baj" projecting about 820 feet in front of the 6-metE8 I 
(llii feet) line of soundings. The ebb rarely lowered this 
more than 10 feet below zero, and the waves often raised it 
again to only 6^ feet below this level ; so that the depth over 
the bar at high water was seldom more than 16^ feet at neaps 
and 20f feet at springs, which depths were frequently reduced to 
13 feet and 17^ feet respectively. Moreover, aa the sea broke 
more violently on the bar in proportion to its height, vessels were 
obliged to allow for 2 feet of water at least under their keel to 
avoid chance of accident. 

In his opinion the measures to be adopted for improving the 
oondition of the outlet of the Ad-our should comprise closing 
the open jetties, to stop all inroad of sand, and to shelter the 
eatranoe channel, and also dredging the bar down to at least 16^ 
feet below zero, which could subsequently bo maintained by 
dredging away the moderate annual volume of material travellin 
from the north, and tending to come round the northern jetty. J 
This was the aim of the investigations in progress ; and as a, trial f 
had shown that the sand of the bar was very easily pumped i 
dredger suitably adapted to the local conditions would ensure 
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Mr. tfTliinit mftintiraance of a ilepth of 16J feet below zero in tlie entnm 

d«* V«riin". „},annel ftt Ei moderate anntial outlay. 

Mr. Etmrlitfl Mr. Ev*BlsTf> M! Cbubrcca desired to contribute some par:; 

•^ OiiBitut*. ^f the iniproTOfnfints, etfected tmilet his direction, in zk-:- ='..--.: 
Nerrion, and on the bar at the month of that riTer.' Tie t.'^ 
of Bilbao was aitiiated between 8 and 9 milea sboTe the monii :( 
the River Nervion ; and the tide extended about 5 forkrags hig!i« 
np th« river, tbia part of the Nervion being known as the tt^ 

I river, or Kia, of [tilbao. With a width varying from ISO feet in 

the npper to ■''.25 feet in the lower part of the river, the vohM 
of frfl"h water wm very limited, in dry aeasona not excee-ling 
140 cubic feet per Heoond, or, with some small affluents between 
Billxm anil the aea, 2Jj("l cubic feet. The ordinary volnnie of riTW- 
water flowing to the sea waa abont 530 cubic feet per seennd, 
Rometimea inorewted by floods to as much as 56,500 cubic fwi; 

Ibnt these floods lasted for a very short time, ao that the navigation 
of the port was almost entirely dependent on the tidal w»t«r. 
TJie ride of tide varied from a minimum of 4 feet to a tnanimini 
of 15 feet, the mean annual rise being 9 feet; and the volume of 
wtft-wator that now entered the harbour at ordinary high tide wM 
alKiut lOi iTiillion cubic yards, which increased to 15^ million 
cubic yarda during spring-tides. 

The earlioiit notices in eiistence of the port of Bilbao concurred 
in deKorihinf; its conditions as unsatisfactory. A document dated 
A,i>. 1603 attriliuttid the loss of many vessels every year to tie 
dangeTOiia nature of the bar, owing to its shallowness and 
instability, and also mentioned that ships were frequently 
detained in the harlionr for long periods, because they oonld 
only loavo tlio port at spring-tides, a condition of things which 
continued nnlil a much more recent period. Early ju the sitteealh 
century tlio mole at I'ortngulete was commenced, on the western 
side of thn river mouth, with the object of correcting the tendency 
whiuh the waters of the Nervion had, in common with all the 
rivers on the aume coast, to bear away westward along the shore 
us soon OH Ihey roachod the sea, that being the direction of the 
prevalent winds. This wall was no doubt also intended to force 
a pnssugo ihrotigh the sauidliank which formed the bar, but it was 
not oxtondod suflloiontly far out, and before long was partly 
deetroyoil by tho sea, so that the advantages derived from it lasted 
only a short time. At a later date, a wall was built on the oppo- 
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site side of the harbour mOTith, to control the shifting eaods oa Mr. Etd 
the right bank, and prevent them from enciuuberiBg the channel ; ''^*-'"" 

out this occasioned a gradual advance of the beach just beyond ^H 

tie wall, which again restored the tendenuy of the waters of ^H 

the Nervion to follow the coast-line, and created a sinuous water- ^H 

way dangeroua to navigation. Some works were subsequently ^ 
Biecnted with the object of narrowing and deepening the navig- 
able channel of the river. An estuary near its mouth, about 

1,100 yards in width, and extending inland for nearly 2 miles, ^_ 

was left 80 nearly dry when the tide receded that only two ^H 

narrow and tortuous watercourses remained, in which the depth ^H 

waa abont 2 feet at low water. Between 1750 and I760, this ^H 

part of the harbour was improved by the construction of ^H 

retain ing-wal Is ; but the plan was defective, for, instead of ^M 

increasing the width of the channel as it approached the sea, ^M 

the exit from the estuary was narrowed to 137 yards, whereas ^H 

at the upper extremity it was given a. width of 328 yards. While ^H 

the depth at the narrow part was by this means increased at ^H 
low tide to 13 feet, and that of the wider portion to 9 feet, the 
bar, with a constantly-shifting sandbank and only 2 or 3 feet 
depth of water, remained absolutely unaffected, so that in winter- 
time, even at high water, the navigation was greatly restricted. 

Vessels coming for iron ore usually arrived in ballast, drawing ^H 

very little water, and could consequently enter the river without ^H 

difficulty; but when laden with cargo, they could only leave ^M 

the irort at spring- tides, and, if the weather was unfavourable, ^H 

were often obliged to wait for weeks or months before they ^M 

could venture across the bar. On one occasion, for example, ^M 

daring the winter of 1875-76, although the largest vessels at that ^M 

time drew only 13 feet of water, they wore all detained in the ^M 

river for three months and a-half. The harbour remained in this ^M 

condition until the constrnetion of several railways, and the ^ 
rapidly-increasing importance of the shipments of iron ore, ren- 
dered great improvements in the river and on the bar indispens- 
able. Accordingly, in 1878, he presented a report with plans for 

the improvement of the river, in acoordance with which the ^H 

works had since been executed. ^H 

Besides lowering the bar, the whole of the river required ^| 
dredging, especially in the upper portion near Bilbao, where a 
great accumulation of stones and gravel obstmcted the navigation ; 
abrupt onrves in the channel needed also to b,e corrected; and the 
regulation of the river, commenced during the last century, 
required to be improved and completed. To deepen the water on 
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t.-h'*''"" '^* **' *** '''^ "^* difficult part of the undertaking. TTa 
"'"""■ insigTitScant Tolnme of liver-water, and the limited extent of 

■ BTirfaco ovai which the tidal waters spread tbeEcselves within 

^M the river, occasiooed an nnnaaally sluggish cnrrent ; and it wm 

H expedient to examine very carefully how, under these circiim- 

H Btances, the flow of the tide at the month of the rirer conld bt 

H most advantageously brought to hear upoa the hank of sand and 

H ftllnrial deposits which formed the bar, in order to create i 

H pemianont and deeper cbaonel through it than the then existing 

H shallow, flbifting, and tortnons passage. The flow of the rising 

H tide outalile the harbour was N.W. to S.E., and its velocity 

H only 13 foot per second, or about oue knot per hour. Part of 

H the incoming water entered the river in a direct line with 

H accelerated motion ; but the larger part, striking first againft 

H the Handy beach on either side of it, especially on the bnod 

H expanse called Los Arenas, on the eastern side, stirred up the 

H loose sand, and, forming separate currents parallel to the beach, 

H (wrried the sand into the barbonr and about 2 miles up the 

H river, until, on the turn of the tide, it was brought back :^sin. 

H The maximum speed of the flood'ttde at springs, at the montli 

H of the rivor, was only 6 feet per second, or about 4 miles pM 

H liimr, and if compared with the velocity uf the tide entering the 

H liivor Hoine, which was from 12 to 18 miles per hour, was a very 

H modiiratc current to work with. The flood waters of the Itivet 

H Norvion brought down large quantitiea of rolling stones, gravel, 

H Hand, and mud, which liad also to he provided against. The 

H stonoB and gravel wore usually deposited within 2 miles of Bilbao, 

H the finer Baud roncliing a distance of about 4 miles ; while the ' 

^1 particles of mud were curried by the water to the mouth of the 

^M river, uud togetlior with those brought down by the Cadagaa river 

^1 and other minor atBuonts of the Norvion, generally sank to the 

^M botloui on the turn of t}ie rising tide. It did not appear, therefore, 

^M that the alluvial river deposits affected the bar; and, moreover, it' 

^1 wiiH usuertainod by soundings that this was composed of sea-sand, 

H procisoly resembling the sands which formed the beach at Las 

H Arenas and at Portugalete, which consisted, in about equal 

H proportioaa, of liue silicious grains and pulverized marine shells. 

H llo came to the conclusion that the shallowness of the bar was 

H mainly due to the shifting to and fro of the sea-sauds by ths^ 

H ebb and flow of the tide, and by the subsidiary currents running'' 

H parallel to the extensive sandy beach of Las Arenas; and he 

H therefore advised the prolongation of the western mole a( 

H I'ortngalete for 875 yards, extending it beyond the bar to a depU^ 
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feet at low-water spring-tides. The tendency of the ebbing Mr. E™ 
r to flow westward aloug the sbore would thus be corrected, 
it would be directed against the bar itself. The mole, if 
snded in a straight line, would have run duo N.W., but by 
ing it a very slight northerly curve with a radius of 3,280 
several advantages were foreseen : (1) The westward 
lency of the ebbing current would deepen the new channel 
to this sea wall ; (2) Without making the passage into the 
tbonr in any way more inconvenient than before, additional 
3ction against the swell of the open sea coming from the 
would be afibrded to the entrance channel, with advantage 
ha vessels passing in or ont, and an increased depth in the 
of the new channel would be maintained ; (3) It was foreseen 
it the eonstmction of this wall ivould affect the deposits of sand 
the right bank, and probably cause them to advance with it, 
jre northerly trend of the wall at the extremity would 
Bveat this sand from settling transversely to the new ciiannel, 
s hoped that it would take a direction parallel to the 
il, and thus improve, rather than encumber, the waterway — 
(■which was precisely what had happened, A tongue of sandbank 
W been formed, about 160 yards in length, but its width was ao 
inBignifioant that iu boisterons weather it was frequently carried 
away by the wavea. He, moreover, considered that any prolonga- 
tion of the existing wall on the side of Las Arenas would probably 
fuiTe the effect of creating a prejudicial reflex action, which 
decided him to leave the channel open on that side. In the above- 
iMntioned report it was pointed out that in order to complete the 
ity of the port, and to remove all danger to the navigation in 
as weather, it would be necessary to protect the outer 
rbour by breakwaters ; but their cost, estimated at £800,000, 
far in excess of the funds at the disposal of the Board in 1878. 
The works were commenced in 1881, and a due regard to 
soonomy, combined with rapidity of execution, determined tho 
mode of construction. It had been ascertained by soundings, to a 
depth of 26 feet below low water, that no rock foundation could 
be reached ; and the work was, therefore, proceeded with as follows : 
(I) A pier of wrought-iron upon screw piles was first erected to 
serve as an auxiliary scaffolding for a foundation of atones «p to 
low-wftter level, and for a concrete superstructure reaching to 
high-water mark ; (2) the foundation was formed of loose atone 
thrown into the sea between the piles, and on either side of them, 
up to tlie level of low water, and allowed to settle into place before 
oummcncing the supers true ture. The outer end of this atone bed 
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Mr. Eiariito wag protected by artificial blocks weighing 27 tons; (3) a«Ui 
t urrne*. ^^y ^j concrete was next constmcted on this foundation, reeeluii( 
a height of 13J feet aljove low-water spring-tides. 

The fonndatioa bed was allowed to settle dnring the winte 
of 1881-82; and by May, 1882, when it had attained a length! 
984 feet and the concrete auperatnicture 295 feet, the bar lul 
already been so favonrably affected that several veaaela drawinj 
17 feet of water were able to issne from the port; and tli( 
improvement ateariily coatinned aa fast aa the work proceeilw 
Some tempestuons weather in tho following October occaaioiiB 
strong cnrrents which increased the depth on the bar from tl 
previona 3 feet at low water to 11 feet; but it also soniewU 
damaged the eatreniity of the iron pier, which determined 4 
Board to alter the construction of the then nnoompleted 656 fa 
of wall, and to make the remaini3er of the pier in a more sif 
Btantial manner. The result obtained by the construction of tS 
wall was even better than had been anticipated ; for wheitf 
the report said that the depth on the bar would be increased | 
11^ feet at low-water spring-tidea, it had now attained a depthi 
14^ feet; and a permanent fixed channel had been created wiSt 
width of about 230 feet. At all seasons, vessels drawing 18 ft 
could now enter at any tide, and even vessels of 22 feet drang 
during spring-tides. "Within the river itself, the abnipt oun 
which before extated had been removed ; the regulation of i 
river up to the town of Bilbao had been improved and complett 
and two large basins with good anchorage for ships had b( 
created. The breadth of the channel at the Arenal bridge 
Bilbao was 197 feet; and it widened gradually until, at 8 mi 
below, between the molea of Portugalete and Las Arenas, 
attained a width of 525 feet, with occasionally an increased breai 
given at points where vessels congregated. The river had bi 
extensively dredged, and bad now, throughout its whole lengtl 
minimum depth of 13 feet at low water of spring-tides, so t 
ships of 3,000 tons, drawing 20 feet, oonld reach the quaj-walll 
Bilbao. The whole body of water which entered with the i 
left it again with the ebb, the low-water line being practieS 
level from the sea to the town. ; while at high water of apri 
tides, it was 1 foot 7 inches higher at Bilbao that at the moutl 
the river. 

The total coat of the works executed in the river and in 
improvement of the bar, omitting the auhaidiary expenditure 
electric lighting, buoys, cranes, Ac, and on maintenance, i 
amounted approximately to £467,590, namely, extension of 
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, £115,890, and regulation and dredging of the river, Mr. EyariiW 
b 1^00 de ChuiTUM 

ft his inaagnral addresB as President of the Institution of 
"t Engineers, in November, 188&, Mr, Edward Woods, after 
Iribing the mineral railways at Bilbao, and the works of 
Wvement on the bar and in the river, said that " owing to the 
Uities now given, Bilbao ore, which in 1872 realised 35s. per 
delivered at our ports (one-half the cost representing freights), 
kthe present time landed at South Wales (where the import is 
ns per annum) at a coat of 10s, to lOs. Gd. per ton, 
ing freight, which does not now exceed 4». per ton." ' 
is statement justified Mr. Churruca in claiming that at least 
li. of the reduction in the freights might be attributed to the 
works in the river and on the bar. The reduction had been in 
force for the last eleven years, during which time 48,756,000 tons of 
imports and exports had been registered, from which it appeared 
that the advantages derived by commerce during those eleven years 
&CI1U the improved navigation had equalled forty-four times the 
whole cost of the works. Ituring the years 1878-79, the imports 
to Bilbao amounted to 144,977 tons, and the exports to 1,195,422 
tons, making a total of 1,340,399 tons; whereas during the year 
1892-03, the imports amounted to 759,864 tons, and the exiwrts 
to 4,3(i8,967 tons, or a total of 5,128,831 tons. This notable 
I increase had resulted in a proportionate increase in the funds of 
the Board of Works, and had enabled them to commence the 
construotion of the breakwater which would enclose and shelter 
the outer harbour and convert it into an excellent harbour of 
refuge. The western breakwater, starting at a point about 
1 mile from the end of the new Portugalete sea-wall, would be 
1.586 yards, and the breakwater on the eastern side of the harbonr, 
1,173 yards in length. Together, they woold completely protect 
the port from the direct action of the ocean waves, while allowing 
easy entrance to it for ships. The area enclosed by these break- 
waters was 709 acres, of which 507 acres would have a depth of 
water at low water of spring-tides of between 1 6^ feet and 50 feet. 
The eatimate of cost of the western breakwater was £890,300, 
and of the other £344,130, or a total of £1,234,430. The western 
breakwater was commenced in 1889, and tho greater part of its 
foundation-bed was now completed up to tho level of low water. 
It had already a considerable efibct in diminishing the surf on 
the bar. On the eastern side, the execution of the work was 

I Miaates of Fiucuedinga Inat, O.E., vol. Ixxxvii. p, 21. 
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Mr. ETBiirto commenced in Alarch of the present year. Both would probaUyba 
de Chnrnic*. completed by the year 1 900 ; and Bilbao wonid then be the flneel 
port in the Bay of Biscay. 
Ur. Shoolbrid. Mr. J. N. SuooLBRED wished to make a few remarks on that put 
of both Papers which referred to the training of tidal rivers. He 
waa well acquaiiited with the outlets of the Adour and of th« 
Nervion, haying surveyed the estuary bay of the latter for tk 
formation of it harbour rather more than thirty years ago on 
belialf of the late Mr. C. B. Vignoles. He could not agree wilh 
Mr, Vemon-Harcourt aa to the close analogy which he considflred 
existed in the conditions in which the outlets of the two riven 
were placed. The Adour discharged direct into the open Bay of 
Biscay, and the mouth waa exposed to the full force of westerly 
and north-westerly gales ; while the !Nervion emptied into a cM- 
protected bay, which, though small, sheltered the mouth altogetliet 
from westerly galea and also from the full force of many north- 
westerly ones. The high cliffs on the western or Santurce £it, 
under which a comparatively deep-water channel lay, afforded 
much more protection than did those on the eastern or Algorli 
side, where the water was shallower and more exposed to north- 
westerly gales. The eastern breakwater, not yet made, was, in 
his opinion, of small importance in comparison to the western one, 
already constructed. Moreover, he considered that the former 
should not he in the position indicated on T'ig. 17, Plate 2, Irat 
further northward, at the projecting point beyond Algorta, 80 
placed as to be outside the western breakwater, and thus protecting 
the mouth of the harbour from the broken water on the eastern 
shore. He waa glad to note the considerable improvements wHoh 
had taken place of recent years in the navigable depth of the 
river itself up to Bilbao — a matter of much importance, no' 
merely to that town, but also to the large trade in iron and C0*1 
which was carried on between this country and that part of 

Itespecting the distinction which Mr. Partiot drew between ths 
estuaries of the Gironde and the Seine, with both of which h* 
(Mr. Shoolbred) was also acquainted, he conid not agree with Mr- 
Partiot in first classing tho former river as having a "narro"' 
neck" entrance (referring to the contraction between Eoyanftiw 
the Pointe de Grave), and then denying that in the Seine, wbii!" 
he clEtssed as having a " funnel-shaped " entrance, there was ft"/ 
similar narrowing in. Surely the contraction on the Seine between 
Tancarville and Quilleheuf had quite as marked, and a Biffljl** 
effect, upon the tidal flow in that livor, as the one between Soj^' 
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the Pointe de GraTe had upon that of the Gironde. He Mr. Shooll 

' with hoth Mr. Vemon-Harconrt and Mr, Partiot in deploring 

large amount of accumulationa which had for some years 

taken place in the lower part of the tidal portion of the 

Seine, and more recently in the outer eatnary, especially in 

immediate Ticinity of the Port of Havre. The accumulations 

■the estnary daring the last fifty years amounted to nearly 

,000,000 cubic yards, and they had caused an abstraction, 

spring-tides, of over 250,000,000 cnbio yards of tidal 

the largest portion of this damage having occurred during 

last twenty years. So serionsly, in fact, was the present 

entrance to the Port of Havre threatened that a proposal had been 

antmjtted to, and had been passed by the French legislature, to 

create a new and more northerly approach to that port by means 

of an outer harbour, having an area of somewhat over 600 acres, 

and with a northern and a southern entrance, at a cost of about 

£3,000,000. The breakwaters would be constructed of large blocks 

Bonorete in two sizes, weighing about 60 tons and 90 tons 

jtively, built up vertically on inclined beds on a rocky 

,tion. Much of the success, however, of this attempt to pro- 

io a permanent deep-water entrance to the Port of Havre would, 

it was admitted, depend upon the form which might be given 

to tlie extensions through the estuary of the training- walls from 

Eerrille to the open sea. Of the many suggestions, the most 

feasonable (though it Aid not find favour with Mr. Partiot) seemed 

to be the " trumpet-mouthed " one, whereby the northern lip of the 

aeaward end would include the approaches to Havre, and its 

sonthern edge would rest upon the Katier shoal, the narrowed 

neok inland joining, on both sides of the river, the oxisting 

termination of the training- walls near Bcrville. 

Mr. W. Smith, of Aberdeen, observed that the successful treat- Mr. Smith 
mflnt of navigable estuaries for their improvement and conserva- 
tion was purely practical. At Aberdeen, although the natural 
tidal basin formerly existing at the mouth of the Kiver Dee could 
hardly be classed as an estuary, being only 2 miles long by half a 
mile wide, the low-water course of the river through the basin was 
diverted southward, in 1869-70, with a view to increase the up- 
land and tidal currents over the bar at the harbour entrance. The 
whole of the basin was filled up, except an area of 162 acres which 
was deepened to form docks and tidal harbours. The diversion of 
the River Dee had no effect, however, as a scouring agency, although 
the tidal capacity of the harbours and docks exceeded that of the 
former tidal marsh, Since the Eiver Dee had been diverted, the 
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Mr. Smiib. navi^tton channel, tidal hartonr, and docks Lad been it 
by dredging out 6,282.883 tons, of which 3,179,069 tons 1 
washed in by the sea and rolled down its bed by the River] 

3,103,814 tons consisted of bonlder clay. The minimiH 
on the bar, which was formerly 20 feet at high water of 
tides, was now 25 feet, the shallowest part of the channi 
over a reof of rock abonl 200 yards within the bar. An ill 
result of the continued removal of the silt by dredging a 
refilled on the site of the bar, by the waves moving t 
inward from the bay immediately outside the harbour (i 
waa the deepening of that portion of the bay hy wave scon: 
of the layer of sand formerly overlying the boulder clay to 
of 3 to 6 feet, had been swept into the navigation chan 
now, instead of a bar of fine sea-sand to he dredged to a i 
4 or 5 feet every summer, there were thin patches of sa 
large boulders on the top. Unfortunately the boulders wi 
easily swept into the harbour now that they were uncoi 
the bay than the sand had been. Owing to the frictioi 
extensive surface of the particles of fine sand nibbing u| 
other under a heavy weight of water, the mass of sand prel 
much greater frictional resistance to movement along th* 
by waves than large stones. The sand brought down by tl 
Dee was rolled into a deep basin in the inner part of the; 
tion channel, from whence it was easily lifted by the dred 
sent out to sea in hoppers. The direction further impn 
must now take at Aberdeen harbour was deepening the ^ 
by rock-cutting and dredging, and protecting it from the i 
of boulders and silt by additional sea-works. 

The greatest action of waves upon the sea-bottom at A 
appeared to occur in depths of between 2 and 6 fathom 
action was consolidated by the influence of the depth, or , 
water, upon the water at the bottom, the difference of hea 
the height of the wave being transmitted most favouiablyj 
depths. Wave scour on the sea-bottom occurred, boweveri| 
greater depths than 6 fathoms, depending upon the hei^ 
waves. As the depths shoaled below 2 fathoms, the powa 
waves was dissipated in churning as breakers, the head' 
sure at 2 fathoms or more being required to keep th 
unbroken. In the expression he had formerly given^ 

scouring power of a wave, p = q(v)d + vi--j Ca^ where q 
' Minntoa of ProccedinRiB Inat, C.E , vol. c, p. 202. 
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aity, w the imit weight of wstcar, d the depth ^tn crest to Kr, S 
;li, and a the length of side of stcod or stone cabe, q might bo 
ied as the ooeScieat of the acHora of the imbn>k«D waTo 
I the materials of the bottom, the remaiiung pTopoTtion of tbs 
of the wave being spent on oonttnning the movement of 
wave to the shore, and in cresting and breakers. Thiis the 
Btinuance of the movement of a wa.ve over a shoal, at a uuiform 
I jnst sufficient to keep the wave from crefiting or breaking, 
~ result in the whole of the power of the wave being spent on 
fiDovement of the materials of the bottom. The principal banks 
)great estnaries of the British Coast might have been formed 
the mean level of the sea was higher by about 12 feet all 
' Western Enrope, which historically would probably be prior 
itha time when the Roman harbour of Ostia fell into decay 1,300 
The retirement of the sea from the land through the 
ition of glaciation at the poles, as demonstrated by Adheinar 
ICroll, would thus acconot for the present cessation of natural 
xe in the movement of banks and estuaries. The formation of 
the Mississippi delta from the average yearly amount of alluvium 
stated, SOO million cubic yards, maat have occupied a period of 
356,000 years under the moat favoaiable circumstances, that is, 
wliile the greater part of the area was still submerged. 

Mr. L. FaANzius remarked, in reference to Mr. Vernon-Hareoiirt'a Mr. I 
Btatement as to the increase of the tidal volume passing Bremer- 
taven, thut the actual volume had, up to the present time, shown 
very little variation, and that the theoretical increment quoted 
would require corresponding modification. On the other haoi], the 
Tolimie at Farge (about half-way between Bremen and Bremer- 
iaven) had increased from 514 cubic yards to 810 cubic yards per 
Beooad. The tonnage and draught of vessels arriving at Bremen 
bad considerably increased since the execution of the training- 
works'. Duiing the year 1893 the number of sea-going vessels 
traversing the Weser as far as Breaien was thirteen hundred and 
seventeen ; of these, four hnndred and eleven had a draught 
exceeding 14 feet, eighty-five more than 16;^ feet, and fourteen 
between IS feet and 18^ feet. During the month of April, 1B94, 
the number of vessels drawing more than 13 feet was forty-two, 
two of these having a draught of 16^ feet. 



' Mr. FraniiuB has jixeSEnlod to the Library of the Institulion, Purt ii. of 
" FortBcliritte iler IngciuiourwiBaeniichaften," Groap 2, containing {pp. 48 to flO) 
an oucoaut uf tlio .training- workit ciitrioii out on thu V/eaat. and Iho harbour 
worka ai Bieaiou and UtciuerhavQu (pp. <i2 U> 73). 
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^^Bi^ Well*. Mr. L. B. Welu observed that few questions had gi\ea 

^^M BO much controversy among engineers of late as Ihe tnuningof, 

^^M estiiuries, and there was no subject at the present time better 

^H deserving the attention of the members of the Institution. Id i 

^H Board of Trade return of 1800, it wa^ shown that whereas ia 1840 

^H the tounage of vessels entered and cleared from ports in tbe 

^M United Kingdom was 9,439,667 tons, in 1889 this tonnage readied 

^H 71,889,895 tons, an increase of nearly 800 per cent, in fifty yeare. 

^H As the numbers given referred to register tons, and the tonnage 

^H of steamers, which carried much more on tbeir register tliUL 

^H sailing vessels, bad increased from 791,555 tons to 53,764,200 bM 

^H in that period, the bulk of cargo handled waa much greater than 

^H the Ggiires of 1889 denoted. The increase in the size of veBseli 

^H deniauded deep water and improved channels ; and it was neceataiy 

^V to provide accommodation to meet the present requirements and 

further expansion of this enormous trafSo ; to supply this port* 
and estuaries must be improved. Much had been done during tba 
latter half of the century, since the Tidal Harboura Conunissi 
reported ; but he considered that much more would have 
accomplished for the improvement of estuaries by training- walll 
had the Commissioners worded their report more circnmspeotly. 
They condemned in unqualified terms all reclamation, because the 
tidal area would be reduced ; and a reduction of tidal area 
held to be necessarily followed by damage to the navigable channel 
Training usually caused accretion, at any rate in some portii 
an estuary ; and very frequently harbours existed on the lowff 
portion, with monetary interests antagonistic to the development 
of ports higher up, and this dictum of the Commissioners had 1)eea 
often used with effect to prevent any works being undertaken for 
the improvement of estuaries. Where the chief authority and 
population were situated away from the sea, estuaries were im- 
proved by training and dredging, aa the Clyde, the Tyne, and the 
Tees, which had resulted in enormous benefits to the commuDitie* 
By training a channel a maximum service was obtained from. 
the momentum of the water passing in and out of it, wliiuii 
momentum was necessarily lesseued when sandbanks were being 
moved and new channels formed. The dock and river-walls o" 
both sides of the Mersey at Liverpool had stereotyped a channel 
for a considerable distance, and the effect was felt far beyond the 
limits of the walls, and bad rendered the lie of the ckanDeli 
both northwards in the direction of the bar, and southwards in ^^ 
direction of the Upper Mersey, much more stable. In the npp* 
estuary this had been followed by a gradual improvement in ^ 
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navigable depth, as evidenced by the larger vessels trading to the Ur- 
Upper Mersey ports from decade to decade. For a distance of 
about 4 miluB, the outer embankment of the Slanchester Ship- 
Caaal was almost wholly in the estuary, from just above Euncorn 
to below the Weaver mouth, and, like the walls on the Liverpool 
and Birkenhead sidea of tha Mersey, had cut off certain baylets 
into which the tide used to flow and the main channel frequently 
wandered. Since the completion of this embankment, the direction 
of the channel opposite Buncorn had altered but little ; a sufQcient 
time, however, had not yet elapsed to test the permanent effect. 
Information in his possession showed that tho low-water level had 
been lowered at Bunoorn bridge, and had never previously been 
known to fall so low at Weston Point as it hud done this year; 
this was the best evidence of an improvement in the navigable 
depth. Tho increase in the low-water section at the bar, which 
was now being dredged so successfully by the Mersey Dock Board, 
had probably helped to effect this ; but, in his op h m d fied 

training had materially assisted in improving h h 1 It 
was noticeable that the improvement had tak pi d g a 
period when the rivers had been unusually fre i m h vy land 
floods, and when there was a newly-made ontl f h M rsey 
water at Eastham, and any change was, theref 1 bl to 

tidal action. In times gone by, and also in recent years, marshes 
and foreshores had been reclaimed, and the tide excluded over large 
areas of the Mersey estuary. During the construction of the Man- 
chester Ship-Canal, and since its completion, large volumes of tidal 
water had been displaced ; and since, notwithstanding this, the 
channel had improved, it was fair to assume that these alterations 
were beneficial. 

Careful records of works carried out in estuaries and their effect 
on the channels, bar, and tides, were much to be desired. The late 
Captain Calver, E,N., surveyed many of the harbours and estuaries 
on the coasts of England, both before and after training- works had 
l>eea commenced, and gave the results of his experience in his 
lK»k on Tidal Rivers, which engineers connected with estuary 
works might study with advantage. ^ 

Mr, BiNDON B. Stosey observed that he was frequently struck Mr, Stouey 
with the manner in which the past generation of engineers, when 
engaged in training rivers, somewhat slavishly followed the curves 
which nature delighted in, in place of boldly making long straight 
reaches, even at the expense of apparently opposing nature, but 
really by controlling her. Their idea, and it seemed to prevail 
still to a certain degree, was apparently that long sweeping 
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if.CBTves were more easily maiotainet! than straight reachea; and 
some of the rivers described in the Papers illustrated this Undent^. 
In the case of the Eiver 3Ioy, in the west of Ireland, he W 
sncceeded in forming a trained navigahle channel which, when 
the works were completed, wonld extend in one straight line ftr» 
length of nearly 5 miles — from Ballina qnay to a short totanoe 
inside the bar. The natnral channel of the Moy at low water «U 
very tortiions, and apt to shift from side to aide of the river bdI 
estuary, with frequent shoals that greatly impeded navigatioBi 
but the improved portions of the channel were now straight, wA 
had from 3 to 4 feet greater depth than formerly. This was doe 
to the cnrrcnt being confined within nearly parallel walls, Int 
which gradnally diverged as they approached the month of tk 
river, and which extended to a little over half-tide level. Tha 
revenue of the Moy Commissioners did not admit of expenditnM 
on dredging ; and the principal cntting action took place when tto 
ebb-tide was augmented by a river-flood from heavy rains. In 
other river improvements that he had been connected with, tha 
navigation channel had been permanently injured by the orient! 
designers stereotyping the curves and bends of the natnral chaiinrf> 
Though the special conditions of every river necessarily reqoiirf 
special treatment, yet a few general principles might be lai^ 
down which would seldom require much alteration. (1) Bends 
should be avoided whenever practicable, and nature's tendeacj 
to curve or meander from aide to side of the river-bed controUed, 
sometimes even at the risk of not immediately gaining quite « 
deep a channel as nature had already provided in the corvea 

(2) Operations should be commenced from the higher end of an? 
one series of improvements, for each modification of a river 
channel, though it might perhaps have little or no apprecialils 
effect on portions higher np, almost invariably bad far-reaohing 
effects on the river lower down ; and the influence of snoh impiow- 
ments on the lower reaches should, whenever practicable, I* 
allowed time to develop, and their consequences shonld bs 
carefully studied before commencing operations farther dcnTO' 

(3) Training-walls in tidal rivers and in tidal estuaries shonld ba 
made no higher than was absohitely necessary, lest serions silting 
should take place behind them, and the tidal capacity of the rivW 
or estuary be reduced to such an extent as injariously to diminish 
the scour lower down or on the bar. Where funds admitted of 
dredging on a large scale, the height of training-walls might ofl*" 
be greatly reduced, and, in fact, either omitted as in the LiffeJ 
outlet, or only made just high enough to define the navigable 
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lel and prevent it i 

is conree had be«n adopted in thfl oibaij afaora Lirarpool, sad 

I if the Manchester ^ip-Oukal had been bfonght Umiugfa the 

1 BnncoTn sands try means of a di«dged cbanoel botdeted by low 

I stone-protected slopes, thia stone fencing possibtjr not i 

Tlugh as lov water, there woaM donbtleis bare nsolb 

1 enlai^meDt of the tidal capacity of the estoary, by the towi 

) of the sands for wide distances on either side of the < 

I channel, as the sands would, nnder the influence of frets, tidal 

1 OMients, waves, wind, and wash of passing steamers, ^ravitute 

[ into the deeper channel, to be thence removed by dredging or by 

I Mnd-pmnps, now bo snccessfnlly employed by Mr. Lyslor on the 

Mersey bar. The width between the training- walls of rivere, 

when funds were not available for droilging, and when, therefor«i, 

ue im Drove men t and. maintenance of the navigable channel 

I depended on Bcoiir, re'inired very careful consideration, as the 

L ohinnel must be wide enough for safe navigation, and at the same 

I time the walls ranst be close enough together to give suflicieiit 

I Telocity to out away shoals when there were freshets in the river, 

I and at other times to maintain the normal depth. Prolwbly 

f ^^o^ mlles an hour was the least velocity that would approoiably 

cutaway sandbanks. In tidal rivers and estuaries, and when the 

land water was of small account, the maximum cutting eflect of 

ebt-tiiJes was confined to spring-tides, and generally occurred 

adout the third quarter of ebb, as the current was then, for tlie 

wwt part, confined within the borders of the trained channel, and 

lliB Tolume of water was still large, and its velocity at its maxituum 

On account of the gradient of the falling tide having ita steepest 

I slope at about half-ebb. In the last quarter of ebb, not only wan 

tte velocity much reduced, hut the volume of moving water was 

I diminished ; and this materially affected its capacity for carrying 

I and. 

The Authors of the two Pupers differed widely in their views 
• of the best mode of improving the Seine estuary. Mr. Vernon- 
Harcourt advocated a trumpet-shaped outlet, while Mr. Partiot 
proposed restricting its outlet to a narrow neck. The latter 
method had in some cases been most useful for deepening bars 
and protecting the estuary inside from wave-action ; btit the 
recent successful application of sand-pumpa to the improvement of 
the Mersey bar seemed to indicate a possible new dejiartnre in the 
treatment of sandy estuaries and ontcr bars. 

Mr. C. P. FowLEK stated that the Burry inlet, fronting the Mr Cf 
waward portion of the Eiver Loughor in South Wales, was »oiu«- I'owltr.,"' 

[the ISST. C.K. VOL. CXVIII.] 
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Ur. C. P. the line of dee|)est water was consequently so circuitooB 13 
"* "■ vessels were nnable to follow it. He concluded that traininj 
ch&nnel through an estuary by means of one 'wall wxiuld i 
produce satisfactory Tesults. Ke had suggested an altematn 
scheme, consisting of two walls, the northern one of which « 
prevent the water from the reservoirs encroaching too far into u 
north shore ; the point of confluence of the two low-'water chann 
would be nearer the harbour ; and the channel would be led inw] 
more central course through the estuary. 

A comparison of old and recent surveys of the Burry Inln 
Fige. 8 and 9, showed that the low-water channel had completa 
left Peoclawdd, and from Llanelly to Burry Port was much n 
the north shore ; whilst the deep pool at Burry Port had estenda 
further east, and the available depth into the harbour v 
6 inches less. From Burry Port to sea, the south chi 
peared to be filling up, judging from the diminution in the u 
of the 2-fathom line; but the north and central channels liq 
remained fairly stationary. The sandbanks were much lower; w 
the seaward 2-fathom line had advanced about a mile ii 
direction, towards the harbour. 

The case of Llanelly afforded an instance of the 
adopt a hard and fast rule for the treatment of an t 
natural configuration and the side upon which the chief indtutri 
towns happened to be situated affected the question very materially. 
From experience on the Tees and Eibble he had derived t 
lowing impressions : However accurate the theory of training- 
walls slightly diverging towards the sea might be, there would 
be a tendency for the flood-tide ascending such a channel to. 
become concentrated, and to attain an increasing velocity as it 
ascended, resulting consequently in a " boil " in shallow channels, 
and a tendency to force sand into the upper reaches ; and unless 
the channel received tributaries on its way to sea, the velocity o 
the ebb current would become more sluggish through expaiidin|_ 
in the lower reaches, and lead to deposits. He had observed the 
flood-tide at springs aacendiog the Eibble ; and after the training* 
walls, which were about 10 feet above low-water level, had been 
covered, the tidal water ran up the trained channel with i 
perceptible elevation of 1 foot above the general level of the 
water at the back of the walls, and at a velocity of abont 6 knots 
an hour. The velocity of a current was either subject to the h 
of the tidal wave, or the inclination of the bed of the channel ; and 
it therefore appeared that the width of a channel should not I 
unduly restricted, so aa to necessitate an abnormal velocity at any I 
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alar point, necessary to fill the receiver above that point ; Mr. C. P, 
tiQ order to prevent accretion, the width of channel at any ''"''"• 
iionlar point shonlil have some definite proportion to the dara- 
t of the dood, either present or anticipated, consistent with a 
. velocity at that point. It would he better to provide for 
increase in tidal volume than risk escludiog or checking the 
gation of the flood-tide by endeavouring to arrive too near 
etical capacity of channel. 

, bends, and sandbanks tended to keep up the level of low- 

□ the upper reaches ; and by cutting through two bends on 

fTees the low- water level at Stockton was considerably lowered. 

Tea therefore, which might be termed horizontal bars, should 

i avoided in any scheme of river improvement. The dredging 

«y some clay bars on the Eibble, between 4 and 6 miles 

|low the dock entrance, resulted in the lowering of the low-water 

pel at the dock about 6 feet. By observing the level of these 

it shoald bo possible to ascertain the length of training- wall a 

quired to obtain a certain depth at a particular point above, aa 

«re must be an Inclination per mile in the bed of a river which 

3 normal; and after this had been attained, dredging must here- 

It was probably a mistake to train a channel too near 

I particular shore, with the expectation that the hard mainland 

ould obviate the necessity of two training- walls. The depth of 

ft trained channel in a sandy estuary was dependent, to a great 

I extent, upon maintaining the top of the wall at a uniform level ; 

whereas, by trasting to the mainland to act as a training- wall, no 

regularity of contour could be depended upon, and irregularity of 

contour led to distortion of currents and the formation of banks. 

As training- walls were intended to train the last of the ebb and 
the first of the flood, so that the trained channel was consequently 
the deepest, it would appear to he incurring unnecessary expendi- 
ture to construct them to half-tide level, thereby inducing accre- 
tion, and prejudicing the stability of the wall if accretion did not 
take place. The training- walls on the Kibble had not proved so 
snccessful as was anticipated, probably in consequence of the 
channel being trained of necessity too far to the north of the 
estuary, as the inhabitants feared that if the river was trained 
more tlirough the centre of the estuary the piers at Lytham and 
St. Anne's would be affected. The flood-tide and prevailing winds 
from the westward had, in consequence, the whole of the estuary 
to the south of the training -walls to work upon ; and there was a 
tendency for the sand to be forced up in wedge fashion to the 
upper part of the estuary, and to drop into tkc cWiiuel. XVia 
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MrC P. prevailing winiJa and galea in expansive eatiiaries like the Teeq 
fuwUr. jjjg Kibble, and t}ie Biirry Inlet, were probably as importaDl 

Icanaes of alteration in the banks and channels as the current 
themselves ; and when possible it would be better to train chan- 
nels in tbe direction of the prevalent winda rather than trani- 
Terselj to them, so that wiud-driven sanda might drift in tiie 
direction of the channel rather than acroBS it. 
The width between training- walls and the rate of their diver- 
gence were probably of greater import in rivers with a high rangt 
of tide and a rapid inclination of bed, than in rivers with n 
average range of 16 feet. The number of rivers on tiie west cout, 
the deepest inlet channels of which pointed in a direction opposed 
to that of the tidal wave of the ocean, seemed to favour the suppo- 
sition that the inlets were more subservient to the flood than tl» 
ebb. The south breakwater on the Tees was considered to hsTB 
prevented the beach drifting across the outlet; and the bar w« 
gradually lowered by the scour concentrated thereon by tba 
training- walla, 
lonrdellca. Mr. 0. BouRiiELLES observed tha(, whilst rendering dne respect 
to the science and learning of these distinguished engineers, he 
considered that there was an important omission in their Papfirt 
in respect of the study of the laws of the tidal currents in rivsi^ 
or estuaries, and the influenoe of these cnrrents on the designs <A 
improvement works. This question was, however, one of the mow 
important for sncb designs, since the currents shaped the channel 
and their scour provided the requisite depths, or at any rate thaS 
normal maintenance. Nevertheless, engineers had hitherto almorf 
entirely confined themselves to obtaining the velocity of the current 
at the surface hy some cursory observations, or to the calculation 
of their mean velocity by approximate methods ; and relying ot 
these data, had, without any proof, extended the laws of the floii 
of water in rivers to tidal currents. This wholly unscientiffl 
method was liable to lead to serious errors and most nnfortunatt 
results. As an instance, he would describe the results he hat 
arrived at when he had to draw out a scheme for improving tlu 
estuary of Lorient. 

Previously to the preparation of thia scheme, innnmerabli 
observations had been made dnring several years of the velocitia 
in various suitable sections of this estuary ; and at stations 65 feel 
apart, in each of these sections, the rates of flow and the direction 
of the currents were noted at five different depths, namely, nea 
the bottom and near the surface, at mid -depth, and at twi 
intermediate depths. These observations were carried on un 



;b.] oorrbsposdkhob on traininq op bivbrs. 151 

^^y^STTtptedly diiring the whole day, at intervals of only a few Mr. Botirdc 

^^■"^^■Utea, so aa to give the distribution of velooitiea in the same 

^Ttical at all timea of tlie tide ; and they were continued at the 

^'■**ie station thronghout half a Innation at least, so aa to determine 

**-^ influences of neaps and springs. The observations were 

^^I»eated as often as necessary for the purpose of verification, and 

^"^pecially during the floods of the two rivers which formed the 

^^^Q-dstead of Lorient. Briining'a tachometer was employed for 

'**^aauTing the velocities; it consisted of a disk of tho denfiity of 

^^'^ter, kept perpendicularly to the current, and connected by a 

^'^ead passing through the groove of a pulley to a steel-yard placed, 

^^'it of tho water, on a raft which carried the whole apparatus ; and 

^ graijuated dial of the steel-yard indicated the pressure of the 

^^'a.ter against the disk. By this very simple contrivance the whole 

^'^rticul of a station could he easily and rapidly observed, for 

'*"l»ich purpose the raft was provided with a metal cable anchored 

^©rticaliy on the bottom by a heavy weight. The pulley of the 

*^choniet«r carried a socket, suitably weighted, attached to the 

'^^liie; aod a marked line enabled the apparatus to be raised or 

^**wered to the desired position. A rudder, placed at the same 

*>eight, indicated the direction of the current, by means of a 

"^^ooden rod raised just out of the water, and terminated by a pointer 

timing on a fixed base. This expeditious process enabled the 

'ilwervationH to be multiplied to such an extent as to indicate the 

phenomena moat clearly; and therefore he was in a position to 

state the precise laws of the rate and direction of the currents. 

Under all conditions of the tide, at the approaches of Lorient, 

The flood current always commenced near the bottom, and 
gradually extended its influence upward to the surface, in a 
period which varied considerably according to cirourostaneea. 
Where the channel waa very narrow, a few minutes sufficed for "| 

the flood current to reach right up to the surface; whilst at 
other places, not less than half an hour to three quarters waa 
required at spring-tides, and often over an hour and a half at 
neaps. The maximum velocity of the flood current was near the 
bottom at the beginning of the rise of tide, and remained in the 
lower part of the water up to half-tide ; but from this period it 
rapidly approached the surface, and continued near the surfaoe till 
high water. The ebb current conformed to the same laws, for it 
began at the bottom, and extended gradually npwards to the full 
height of the water. The maximum velocity, moreover, of the 
ebb was found at first near the bottom, remaining in the lower 
portion of the stream till half-tide ; and then it rose rapidly 
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*■ towards the anrfane, near which it contmoed till low wsIr. 
peritui which the ebb current occupied in aprmiin^ turn 
bottom right np to the top varied according to circniwirinrtiri 
nnder the same coaditiona as given for the flood-tid& Di 
land floodft, however, snfficiently large to make the tnA. i 
predominate at the aarface, the ebb corrent extended ■ 
•imnltaDeonsly from bottom to top, jnst aa if the channel ■mta 
narrow. Strong winds, also from the sea, and the Tei7 hi^ 
which resulted, had a distnrbing infinence ; bnt except imdBr 
nnnmal coaditiooa, the atiove mlea were always verified. 

Generally there was no slack water in the mass of water; lis tti 
flood or ebb currents commenced at the bottom, when the oo 
cnrrenta of the tide coming to a close, were still flowing at the 
tnrface. Accordingly, on the same vertical, a ciurent and i 
connter-cnrrent co-existed, till the bottom cnrrent, spreading 
gradually to the top, stopped the sorface current ; and th«ae 
connter-cnrrenta lasted, with varying velonties, for periods whidi 
might reach three-qnarters of an honr at springs, and an hour anl 
a half at neaps. The period of their co-existence varied in 
inverse ratio to the tidal coefficient, the section of the channel, 
the fresh-water discharge, and the force of the wind, or in a 
contrary sense to the caoses which increased the rate of flow of 
the waters. 

The distribution of the tidal carrents, manifested by the 
experiments made at the approaches to Lorient, could not he kn 
isolated phenomenon, bat was clearly a local indication of a genertl 
law which sufficiently varied observations would doubtless even- 
tually establish. Already a number of facts had been ascertained 
confirming this law, especially in relation to the beginning of the 
flood-tide, many very convincing examples being quoted in "Tlw 
Pilot of the West Coasts of France," ' and in the nautical directiong 
imbliehed by the French hydrographical department, particularly 
in those relating to the Congo. Accordingly, though the phenoni' 
euon had not yet been studied in detail, like at Lorient, it i>U 
nevertheless known to most sailors. Although the action of the 
ebb current had not been so clearly established by ordinaiy 
observations, it was not less proved by uncontested facts ; and it 
was to its action on the bottom at the commencement of the fafl 
of the tide, that the depths, often considerable, found in tidal rivfflt 
must be attributed, and which could not be accounted for by th* 



' "Le Plloto dcB C&tea Ouest de France," 
pp. 197, 2M, &c. 
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ordinary flow of water in rivers. Thus at Lorient, where the Mr.Bonrfd 
surface carrenta did not exceed 4 knots, depths of 105 feet at low 
water of equinoctial springs were met with ; and at the mouth of 
the Congo the depths exceeded 1,200 feet. The distribution of the 
currenta of flood and ebb might, moreover, be explained in a 
plausible manner as being a consequence of the action of the tidal 
wave, on the condition of regarding it aa a wave of oscillation, and 
not of translation as was more often wrongly done. 

Though the subject admitted of further development, he thought 
that he had proved that a detailed investigation of the distribution 
of the currents at the difTerenC states of the tide should, in each 
special case, precede the design of schemes for the improvement of 
rivers and estuaries. Such an investigation would have the 
advantage of manifesting the use tliat might be made of the 
bottom currents at the beginning of the rise and fall of the tide. 
It would probably show that, owing to the action of these 
cnrrents, the best way, in most cases, of improving rivers consisted 
in forming as deep a channel as possible by dredging, whose 
section below mean low water could be easily determined by 
practical considerations, and whose maintenance could be effected 
ty low training- walls raised to about the level of low water of 
neap-tides. 

Mr. A. F. Fowler observed, with reference to Mr. Vernon- Mr. A. F. | 
Harcourt's remarks as to the assistance given to the designing '"■''er- ,i 
of river works by the use of models, that, while admitting the 11 

interesting nature of such esperiments, he considered that the 
excessive relative weight of the particles acted upon by the current 
available in the models, compared with the current under ordinary 
conditions ; and the absence of wind-action in any way approxi- 
mating to nature, made the results obtained from the experiments 
of no value for practical purposes. Mr. Vcmon-Harcourt and Mr. 
Partiot both referred to the action of prevalent winds in affecting 
the outlets of rivers ; but the precise action of the wind was dealt 
with very briefly and incompletely, and as described was not in 
accordance with his experience. When the direction of the 
prevalent wind directly faced the outlet of a river which was 
environed by exposed sandbanks, the sand was drifted in a 
direction parallel with the stream ; and where the area of exposed 
sand bore a large proportion to the area of the channel, this 
parallel drifting was a matter of the greatest importance. The 
estuary of the Eibble extended over some 45 square miles, of 
which about two square miles were low-water channel, and 40 
G<juare miles were sandbanks exposed for four hours every tide. 
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F. The eatnftry was entirely open to the prevailing sonth-wester^ 
winds ; and even during moderate gales, the clouds of drifting 
sand on the 10 miles of north foreshore between Wftrton uA 
Sonthshore were so dense as to make it almost impossible to waDc 
against the wind. Anyone who had seen the drift sand on thii 
estnaiy during eqninoctial galea, must be impressed with a sen«i 
of the great difficulty which would be met with in maintaininji 
any channel across its direction. His experience had led him to 
the conclusion that in snch cases the action of the wind upon Ihfl 
current was of secondary importance to its action upon eipwei' 
Gand banks. 

■ Vitutj 5if_ j^ Fleury remarked, with regard to the improvement of Hi* 

outlets of tidelese rivera, that the great success achieved hy S'U 

Charles Hartley at the Danube justified Mr. Vernon-HarooTirfs 

conclusions in giving the preference to jetties over dredging ; btt* 

in hia opinion, this definite conclusion should not be regarded * 

a general law applicable to every case. He would remind Ml 

Vernon-Harcourt of the diacussion on this subject at the Navigi 

tion Congress at Paris in 1892, and the first resolution of the Four< 

Section of the Congress,' recommending the trial of dredging I 

the first instance, before resorting to the execution of definil 

works, the results of which were never absolutely certain. With! 

recent years the operations of dredging had been greatly perfectei 

8o that it was now possible to remove large quantities of alluviic 

from estuaries at very low prices. In severiil instances it migl 

be quite as economical, and even more so, to expend upon dredgiH 

a sum equal to the interest and repayment of the capital require 

for the construction of jetties. Moreover, with dredging, then 

was the further advantage of being able to modify its action c 

the currents, in accordance with the new conditions which migl 

arise, and not to pledge the future. These considerations appUfl 

equally to the estuaries of tidal rivers ; and the improvement ^ 

depth obtained over the Mersey bar by dredging alone was ti 

encouragement to those who desired that the same method shoal} 

be tried at the Seine outlet, between Berville and the Amfard de^ 

With reference specially to the improvement of the Seis 

estuary, which was still the subject of numerous discussions in hj 

country, and upon which a, definite solution was far from havini 

been reached, Mr. Vernon- Harcourt's Paper contained some vert 

significant information. All the schemes of jetties and trainina 

' V"* CoDgraB Intarnfttionfil da NaTigatioa late'ciBate, Paris, 1802, FrooM 
Vorbaux dca Seances des Soutioos, pp. 65D-(i^6. ^ 
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Trails described by Mr. Ternott-Haroonrt had atrenuona snpporters Mr, FUti 
imongst French engineers; and the only point on whicli they 
•greed vaa, that under no consideration should the tidal irater 
Bntering the estnary be replaced in volume. The results obtained 
l)y Mr. Vernon -Harcourt, in hia ingenious small-scale models, 
fiiTiiished a conTincing proof of this. Mr. Partiot, in his preeent 
Pspor, acknowledged thia, and yet le ^lin brought forvfard his 
oft-proposed scheme of a transverse breakwater. Fig. 4, Plate 4. 
irhose only effect would be to canse accretions which would greatly 
reduce the capacity of the estuary, and in a short time OompromtBe 
[he existence of any channel. Mr. Partiot's ideas were far from 
reofliving the support of most French engineers. He (Mr. Fleury^, 
whenever opportunity offered, insisted upon these two ooasidera- 
tioDs: (1) That there wis in every scheme for training an estuary, 
a coefficient of probability, which often reached the limit of an 
absolute uncertainty as to the resalts; and (2) that dredging 
operations, actively carried out as on the Mersey bar, would 
prodace an immediate effect which could be easily maintained, and 
that, as the cost of dredging waa being constantly reduced, there 
■^as every advantage in trying this method before any other. 

Mr. K. Le Brum considered that the investigations for the *'''■ ^* ^ 

i-naprovemenb of rivers and estuaries would be remarkably faoili- 

**t6d if the influences the great laaritime phenomena exeroiaod 

"O-liott each other were better understood, such as the transport 

^t sedinkent by the water, and the action of winds, currents, und 

"wuvea upon the coasts and the l)ottom. Numerous works had 

Kilready aSurded appreciable results, practical rules had been laid 

down, and laws indicated. Experiments also tried with smalN 

acala models had yielded some valuable information; bat they 

were only at the beginning of their investigations, and he desired 

specially to draw the attention of engineers to the reciprocal action 

of carrents on each other. The action of a continuous current on 

B river with a shifting bed, and the influence of the curvature of 

the banks on the position and depth of the channel, had been 

investigated ; but to complete the inquiry into the laws of rivers, 

it was expedient to examine the effect of a large tributary, which 

might prodace extensive pertarbatious in the main river both 

above and below its confluence. Thus, assuming that a tributary 

OD, Fig. iO, joined the main river AB nearly at right angles, 

this secondary current would check the main current ; and the loss 

of velocity would result in a rise of the water-level above the 

confluent, leading to floods and the formation of shoals. The 

molecules passing in the direction M N would be diverted at N ia 
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Mr, L« Btun. the direction of the reHnttant of the two velocities towaw 
bank at P; and if the bank was Brm, they would t^ 
towards Q, or the bank would be erotled if soft. Large li 
been carried out to regulate the confluence of some lai^ 
badly directed by Nature, so as to mitigate the disaetei 
periodically resulted. If the lines of the banks and the 
of the atreaius were under control, it would be advisable to 
them BO that the current of the tributary might asaist in i 
the main current suitably and deepen the channel. In a 




river, A B C D, Fig. 11, suitably regulated, the deep plan 

be found in the concave bends, a little down-stream of thi 
of the bends ; and the channel hugging the concave ban] 
across from one bank to the other at the change of curva 
followed that the best position for the mouth of the 1 
would be at the point of inflexion C, just below the conca 
so that the secondary current would tend to direct t 
current towards the nest bend, the deep hollow aboi 
prevent the formation of the shoal which was generally 
above the confluence, and would scour the shoal whicl 
to form at the point of inflexion between C and D. 
special cases, when the tributary was not navigable and 
conld be raised without inconvenience, it might be mad 
over in a thin sheet on the concave bank, so that its wate 
join the main current without any appreciable transverst 
thus augmenting the volume of the stream without modi 
direction. The fall of the waters of the tributary on th 
bank, where accretion took place, would put the sedin 
suspension and occasion its transport into the deep hoi 
would disturb the state of the river ; but this action i 
useful if it was desired to remove the deposits at this ban 
Considering next the inverse case of a river branchinj 
two channels at a point M, Fig. IS, the proportion of 
through each channel could only be determined by the j 
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I JSBnce on theili9chu^eB;aad b^ lUi 
I ithtdbeen pos$ilrte,*tt^IwHidof tbe 
[ deltaandat theBecd'AmUeaBtbeGnonde, 
1 to give each chaanel its soitaUe i1i«lMi|,ii 
I The directioa sboald be kdjoated ao tkst tfae floir should be free 
I ftom eddies, which would impedethediadM»ge,dimin.iah the velooity 
ofthBcarrent, and prodocesUtingnpikboTe the point of separatioa 
in the channels themselTes. Grent cue afaoold be taken to give 
a direction to the bonk A B that the cnrrent might not be 
1 driTen into the lees important branch; &nd the Bpnr should be 
placed so as partially to shnt off the branch PQ. and to facilitate 
the admisBion of the cnrtent into the main channel; and dykea 
sbanld be constructed if the hanks were not &rm enough or high 
onongh to prevent the two currents froiii foiling into each other, 
and sJong a GiifGcient dietance to secure the direction of the current. 
These works should be so designed in tidal rivers as not to impede 
the ebb currents, and to give them as much as possible the same 
direction as tbe flood-tide, of which the works at the Bee d' Ambits 
furnished a most interesting example. The study of these phe- 
nomena had a muoh greater and more general importance than 
those simple ones previously examined ; they were found above and 
hebw the numerous islands scattered over some rivers ; and tiieir 
were seen in the bed of rivers in which the width was very 
a proportion to the depth, and the form of whose banks had 
Kttle influence to maintain the direction of the currents flowing in 
various directions under the very different actions of the flooil and 
ebb in the tidal portion. They ■were specially found in estuaries 
it the meeting of the flood and ebb currents, running in various 
directions in the secondary channels, and in the blind channola 
between the banks. These phenomena were more obscure and 
more thoroughly altered when the currents flowed throiigh massCM 
of waters of variable depth, and of varying density according to 
tfas saltness and the materials in suspension ; but a precise know- 
ledge of the effects of the meeting of two definite onrronts should 
throw a great light on the probable results of these more oi 
plex conjunctions. Examples should besought in estuariosv 
sheltered from the wind by high hills, and separated from the 
by a narrow neck which fixed the direction of tbe flood and ebb 
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llr. Le Brun. and preserved the eatnary insiile from disturbance liy BtornUt 
Under such conditions, the niDvemente of the mass of water -wodd 

I preserve a certain permanence which would enable the effeote rf 

the currents to be better distinguished. 
The Poyle estnary, which was enclosed by Macgilligan Point, 
rig. 15, Plate 4, and into which the river flowed at the head of the 
estuary through a narrow channel at Culmore Point, above whidl 
the flood-tide accumulated large volumes of water, combined tht 
best natural conditions for this investigation ; whilst its bed, i»p»" 
posed of sand and silt, was essentially movable. The priDcipal 
channel exhibited a remarkable average regularity, following tha 
great concave bend of the northern shore, under shelter of ths 
Donegal monotaina; and the sandbanks rose from the channel witK 
a very gentle slope to the south shore. These banks were inter- 
sected by blind channels, serving for the admission of the flood' 
tide and also for the outflow of the waters covering the bay at the 
commencement of the ebb. All these blind channels opened into 
the main channel, and having a sharp slope seawards gave risfl 

I to tninsverse currents in the principal channel. Above tha 

conflnence of each of these blind channels, shoals bad formed in 
the main channel ; and below their confluence there were deep 
hollows. The main depth of the principal channel increased from 
the bead of the estnary down to the neck, where it attained » 
maximum ; and a bar had formed beyond the neck, as well as Tana 
bank outside the channel, and separated from the coast by a well- 
defined hollow. The moderate changes in depth, noticeable in tha 
main channel, seemed due to irregularities in the shore, such M 
Quigley Point, and the secondary current to the west of the Great. 
Bank had driven the channel against the shore a little above 
Moville. If these results were compared with those observed at 
the meeting of two ordinary currents, the same eifects would be 
noticed, namely, the secondary current pushing the main oiirrant 
against the opposite bank, and the formation of a hollow below, 
and a shoal above the confluence. In the estuary of the Foyle the 
ebb current appeared to preponderate, as in the bay of the Seine. 
There waa here too close a concordance for it not to be attributed 
to cause and eflect ; and he believed that be Imd been able to 
notice similar phenomena, even in the Seine estuary, though the 
great and frequent changes there prevented equally characleristio 
effects being noted. 

He had endeavoored to apply these ideas to the improvement of 
the Seine in 1888, when he studied the question in conjunction 
with Mr. do Coene, Mr. Vernon-IIarcourt had submitted tlieii 
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flclieme to the test of bis retuarkab]« series of experiments; and Ur. 
wiliout Teopcning the discussion as to which of the proposed 
Bchemes it -wotild be advisable to adopt, he (Mr. Le Bmn) considered 
that it would be advantageons to derive information from the 
naults obtained, and that it would also be desirable to confirm 
them by snpplemeiitary ezperimeitts, which could he carried ont 
in the large model of the Seine established at Kouen by the 
engineers of the Seine. The result:) obtained by Mr. Vernon- 
Harcourt showed that with the aforesaid scheme in the iSeine 
model. Fig. 13, the flood-tide flowed at first towards Hoc Point, 
llial a deep tbongh small roadstead was scoured out in front of 
Hoaflenr, that (he channel followed the training-wall up to 
Grestain, a little below Berrille, where it diverged, probably 
(ming to the flood-tide running towards the bottom of the bay, and 




then came back between the training-walls near Eerville, and that 
I the channel though fairly regular had a small width. The antici- 
pations, therefore, of the franiers of the scheme were in a great 
measure realised ; whilst it should be noted that the absence of the 
proposed concave training-wall, K S, had allowed the flood-tide to 
extend its action towards the north-east, whereas the probable 
effect of this training-wall would have been to turn the great 
depths towards the south-east, and to join the hollow of Honfleur, 
OS shown in Fig. 14. The dredging of the portion of the Amfard 
bank within the trained channel, as intended, would have still 
further increased this effect. The bend in the channel at Grestain 
showed the necessity of modifying the action of the flood-tide, and 
it would have been interesting to try in the model the influence of 
submerged dipping dykes, a a' a" as shown in Fig. 14, which would 
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Ik probably have pressed the cfaanDel against the training- wall.' Jii. 
Vernon-Harcxrart, in hifl own scheme, appeared to have doublei 
the width between the training' walls above Berville, and he had 
certainly obtained remarkable results ; and it would have teen 
interesting to have tried this modification with their project, wlioli 
probably would have both widened and deepened the channBL 
The low training-wall M N in their scheme, Figa. 13 and J4, was 
necessary, and appeared adequate to secure the direction of tha 
channel between Honfleur and Havre, whereas the breakwater, 
N P, Fig. 13, seemed to promote too great an amount of accretion 
in front of Trouville. By raising the concave training-wall MN 
above high-water, and dispensing with the breakwater NP, the 
sands outside would settle behind the Hatier bank ; and thin 
deposition might be hastened by a low dyke mn between tha 
Ratier bed and the training -wall. A certain amount of watflt 

Fig. U. 




surface in the estuary would undoubtedly be lost, but, on the other 
hand, the protection of the channel would be more eifectiiallj 
secured; and direct experiment would show whether these 
anticipations were justified. It appeared that the training- works 
in the upper part of the roadstead, added by Mr. Partiot to the 
scheme under consideration, were unnecessary, and in any case 
should be deferred until it was considered advisable to let only tha 
clear water coming from Cape Antifer and La Heve enter the 
estuary. The experiments with models, which he desired 
completed, would enable the correctness of his hypothesis to be 
determined, or in any case to obtain a solution of the problem ha 
had put forward, and the importance of which was evident, 

' Memuiioa [1e In Socic'te dee Ingc'nieurs CivilB, IH8M, vol. 
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vas to a great extent witbin the power of tbs a^iaaer to iBodify. Hr. Li ht 
to diminlsli, or even to snppren tnuaivae eazmits; md, od tha 
other liand, he coiUd create themi, eoBoontnto tban on ft givoi 
point, or distribote them over a. kng oroUL Tkero ms, aoeoid- 
mgly, a considerable force in tba tide, wbidt ^Miiild be alfraj-s 
taken into accoant, and which oonld oft«D be ntilized with 
advantage, and which, consequently, it was most important to 
nniierstand ftilly. Ho woitld, however, go still farther, for the 
experiments already carried ont demonstrated the possibility of 
nprodiiuing natural phenomena in all their complexity with 
(mall-scale models, which opened ont a vast progiamme. Coitld 
not tbeee investigations be carried out in a rational manner by 
Hmmencing with simple phenomena and proceeding to their 
mmbinatioti ? Taking only a single example, the silting-np in a 
ky might be investigated according as it was more or less open, 
tnd according as a stream flowed into it or not, of which the 
discliarge varied ; and the influences of winds, currents, and tidal 
range might be noted. These investigations, judiciously chosen, 
kWnId rapidly augment the range of existing knowledge, and 
number of nndoubted rules which collective experience had 
ly enabled congresses to draw up ; they would enable mari- 
schemes to be entered upon with greater promise, and they 
ironlil eflect the solution of problems hitherto considered insoluble. 
WJiare still powerless, they should be supplemented by observa- 
lioo, for comparison, analogy, and experiment were the means 
of progress of the physical sciences. 

Mr. \V. Dyce Cat had previously given his observations and Mr. Ctj. 
conolnsions as to the formation of, and remedy for bars at the 
mouths of tidal rivers.' He felt some interest in the schemes for 
the improvement of the mouth of the Seine, as Mr. Partiot had 
seat him some of his writings last year ; and the plan he should 
consider best differed in sonie important respects from that shown 
by Mr. Partiot in Fig. 4, Plate 4. He would construct a north 
breakwater extending from Cape La Heve, at a point about 4,100 
yards north-saat- from the Havre entrance, in a south-south-west t*^/5r 
direction, the same as the line of the Heve lighthouses, for 6,000 
yards. Also a, south breakwater, extending from Villerville ou 
the south coast for 8,600 yards, in a north-west direction ; thesa 
two breakwaters to form enclosing arms for the mouth of the 
estuary, with an entrance 1,300 yards wide. Inside of thorn, he 
would train the channel in a tolerably straight course, mainly by 
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flow away, it appeared that at spring- tides, when the Prof. GaaiUi 
out of the estuary was mainly effected, there was an 
I ot tidal water, and that some Kilting up was accordingly 
isibla. Besides, a widening-ont of tlie training- walls, so as 
UB close to Havre on the one side and to Honfleiir on the 
rwould not greatly curtail the existing tidal capacity ; and 
BTonld be compensation for any loss of capacity, in the 
pug of the channel and in the freer ingress of the flood-tide. 
bfejectioD might be raised that storms also would disturb the 
lore, and that the tide also might possibly increase somewhat 
ilence. To this it might be replied, that the Seine estuary 
. veritable gulf or an arm of the sea, with no pretention, to 
le wholly a refuge harbour — a duty which devolved upon 
3 with its proposed extensions ; that favourable periods could 
ected for future dredging operations in the estuary ; and that, 
, the bore was only dangerous at known times, of which 
s navigating the Seine were duly warned ; and as it was 
i, result of the tide, it would be inconsistent to try to exclude 
ilst favouring the admission of the tide, unless some movable 
was invented strong enough to resist it. 

3 only further criticism remaining to be made of Mr. Vemon- 
mrt's scheme related to the great width left at the outlet, in 
i to the conveyance of the sands to the sea ; for the ebb current, 
ling out like a large fan, would lose its scouring efficiency, and 
L leave too much of the necessary deepening to bo effected by 
ing. It was here that Mr. Partiot intervened with his 
wed outlet; and immediately that the ebb was given only 
oint of issue, the waters would be forced to converge to this 
■ from a distance, and to maintain a flxed, deep channel in 
irection. Similarly the flood-tide, in seeking the neck, woiild 
the bar over which it would otherwise only glide. This 
seemed the more plausible as Mr. Partiot supported it by 
f^tione on a certain nnmber of rivers ; but, on the other hand, 
ok little account of Eouen, probably considering that the 
3 of that port had been already amply satisfied, and that it 
othing to fear from new works. Mr. Partiot suggested that 
it width of channel was less needed for the propagation of 
idal wave than an adequate section, and that it wonld bo 
as good to give the flood-tide a narrow and deep opening as 
at width of shallow entrance with its retarding frictional 
mce. Thia reniained to be seen ; and, moreover, would the 
lation of sectional area be sufficient? Next, in the case 
iiing and eddying mass of water resulting from the 
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I dynamical inmab, it would l« bazardoos to relj oo IcbibiiIh lit 
law thrungh uarTow orifices. 31r. de Cbeoe, an adTocata of Hi' 
Partiot*B scheme, said that it woald be a mietake to coHi|Mte IW 
propagation of the flood-tide in the Thames and 
because in the Thames, the tidal currents entered predaeljmfa 
direction of the month ; whereas in the Seine, the filKi^ of ^ 
eetnary was effected by derived cnrrents, more or 
with. Nevertheless, hovrei*er carefnlly the coaree of dw 
was stndied, and the entrance placed in the m 
direction, it was difficult to admit that a long breakwater pluii 
across the estnary, whilst affording shelter from storms, would not 
also to a great extent arrest the acqaired impulse of the masMafl 
water oomiog from the ocean and discharging themselTes into llM 
entuary, and that there would be no loss in the backing npi^lkl 
fresh water, and no diminution in the distance to w-hich the 
tide extended up the river. It would, indeed, be a sbellenA 
roadstead, and too well sheltered. On approaching the coast, tlu 
flood-tide was far from being a geometric wave, where the mole- 
tmle* revolved in closed orbits without advancing ; it was lesUf 
an inrush, and wherever a creek existed to be filled the cmmnt 
liad to travel there. The leading idea, however, of Sir. Putiot 
was to convert the estnary into a large natural sIuicing-bHiik 
Hufierior to an artificial si u icing-basin in possessing an enomunv 
volume of water, and inferior to it in not having the poirei tv 
introduce the mass of water, and let it loose, at the most snitablo 
periods. At Honflenr, a sluicing- basin, 143 acres in extent, htS 
been reclaimed from the estnary, the filling and emptying of wMi^ 
was regulated by movable openings at different places. Its fiUiog 
was effected over a weir, admitting only the top cleaner layers of* 
high tide, so as to prevent the ingress of sand, involving a certun 
checking of the flow which was quite allowable when it was not! 
case of receiving a tidal impulse to bo transmitted at once to > 
distance. Moreover, the emission of the water for scouring the 
entrance-channel to the port, by opening the revolving gates, wis 
only effected when a good fall was obtainable, by tiie lowering of 
the tide, for creating a powerful current which acted upon the 
l>ed of the channel when least protected by a su perineum bent IsyBi 
of water. Being unable to erect an immense movable weir in tiiB 
sea, lo regulate in a similar manner the enormous scoot of ths 
Seine estuary, Mr. Partiot bad. aimed at doing what he ooold 'with 
fixed works. His breakwater woald, indeed, keep out a portion of 
the sands during the flood-tide ; and during both the flood and ebl^ 
the narrow opening would conuentrate into itself the soouring 
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cnnente; but as t!iia opening could not 1)6 temporarily closed so as P 

onlj to let out the water after the fall of Ihe tide outside, the ebb 

would to a great extent be dissipated by slow and feeble outflows, 

as at first the current would be weak and the sandy bottom too 

mnoh covered with water. Accordingly, most of the tidal water 

entering the estuary would be of little service in its outflow, 

beyond delaying the descent of the upper waters till these had 

acqaired some energy; but since, iinder the e sis ting conditions, 

the tidal water had not time enough at springs to flow fully out, 

this would be still more the case with the narrow outlet. There 

would, therefore, be a violent scouring current near low water ; 

but the effect of the narrow outlet would he in excess, since a 

portion of the tidal water enclosed would remain inside iinuaed, to 

be driven back by the ensuing flood-tide. Instead, therefore, 

of erecting a breakwater, it might be preferable to form a low 

croas-dyke, only slightly raised above low water; for if thia 

sufficed to concentrate in the neck the scouring action of the 

strongest current for deepening the channel, the upward impulse 

**f the flood-tide would be no longer materially impeded, because 

tie flood-tide did not attain a high velocity till past half-tide, and 

as soon as the low dyke was overtopped it would flow freely over. 

IV)m this it seemed that the schemes of Mr. Vernon-Harcourt and 

TMj. Partiot were not irreconcilable, but that, on the contrary, they 

Wonld supplement each other, in a happy manner, carrying them 

Out, moreover, cautiously in low lines, capable of being subsequently 

raised to some extent aa experience might dictate. Thus the river 

train in g-vralls would be prolonged in a funnel shape, greatly 

expanded so as to come to each side of the mouth ; and then all 

the middle part of the opening would be barred by a long low 

dyke facing the sea, and leaving preferably two passes instead of 

one, near the shore on each aide, closing the central channel 

between Amfard and Eatier, and trying to deepen the other two, 

and to convert the bed of the estuary into two arms of a delta, 

ensariDg deep-water access both to Havre and Honfleur. The low 

dyke would partially arrest the sands brought in by the flood-tide 

and the waves, which would form a triangular bank on the sea 

Bida ; and it w'ould also retain a portion of the sand in the estuary 

brought down by the ebb, which would likewise form a triangular 

deposit on the upper side of the dyke, the whole forming a central 

island, bare at low tide, with the dyke in the middle. It was 

probable that the side channels, after having been primarily 

deepened and regulated by dredging, would niaintain themselves ; 

because, though the tidal currents only attained their f ull force 
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1. during the latter half of the flood and the ebb, the low djks and 
sandtnnh wonld scarcely interfere with the flood, beyond preven^ 
ing its bringing «p bo mnch sand, and wonld intensify tie 
scouring effects of the ebb on the deep channela. The progress of 
ench great works was necessarily bIow enongh to enable them 
to be carried ont in some measure as trial atagea, which, V 
watching the first resnlts, conld be oontinned or modified, or even 
stopped, if at aoy point the anticipations were falsified. Itwia, 
moreover, desirable to extend the esiteriroental methods refemd 
to by the Anthors. The small-scale models of Mr. Venion- 
Harconrt were a resonrce where trials on the spot were not 
available; but the latter were clearly to bo preferred when 
practicable, such as the wattlinga of the Garonne raenlioneil hy 
Mr. Partiot. For providing more solid trial atructiiTes in expcsflS 
situations, and which might, nevertheless, be removed and nsei 
again if unsuccessful, hollow concrete blocks in the Ibrm of * 
trough, like those employed by Mr Moller for the breakwater at 
the free port of Copenhagen,' might be used, which could be raiseo 
again by the floating crane which deposited them. 

It had been pointed out by Mr, Vernon-Harcourt that the 5- at** 
10-metre lines of soundings at the month of the Seine had receJ*^ 
seawards Smiles and more within sixteen years — a condition whi*^ 
it was urgent to remedy. The Loire estuary had given rise *" 
similar apprehensions, more particularly as both sand from the e^* 
and alluviiun from the river came into it. Whereas Mr. Partic^ft" 
in 1871, had noted a certain stability in the depth of tb*' 
channels under the action of the tides,^ Mr. Carlier stated i" 
1878 that the deep places were filling up nnceasingly, that tha 
accretions exceeded all expectation, that an extension of the 
training- walls seawards could only hasten the growth of tha 
banks in front of St. Nazaire, and that the only remedy was a 
length of ship-canal.' Now, aa pointed out by Mr. Vemon- 
Harcourt, when by the construction of this canal they had avoided 
pushing the sands further down the estuary, deposits tended to 
form between La Martiuifere and Painbceuf, which would involve 
a considerable amount of dredging to keep them down, unless 
means were found of stopping or reducing these deposits. The 
important point was to rednce as much as possible the drift of 
material in the rivers all along the coasts, by means of groynes 

' Landon Mmitiiue CongrcaB, IS93, Minotcs of Proceedings, Section I, pp. 

■ Annalea dea Fonts et CImueseeB, 1871. (i) p. 23U. 
■1 Ibid, 1S7S, (ii) pp. 59a lo 612, 
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tJong the aea-coaat, spurs, dykes, proteotion of the hanks of rivers Prof. G»i 
flowing through plains, and, lastly, dama in steps across torrents 
and the reafforesting of mountain slopes — works directed, in the 
first instance, to the protection of land from erosion, but tha 
liBrpfits of which extended to great distances by reducing the 
deposits which were injurious to navigation and promoted floods. 
The Loire was charged with materials coming direct from the 
denudation of the mountain elopes of Auvergne and Porez, or 
wHich had been eroded from its banks formed of the alluvium whiob. 
had. been brought down long ago. Mr. Partiot had pointed out, in 
1871, that the works for securing the banks of the Allier, whilst 
protecting existing lands and reclaiming fresh lands for agriculture, 
wonld greatly reduce the sediment of this river and of the Loire. 

Much had been already done to regulate mountain torrents, 
especially in France and Switzerland, with great advantage to the 
plains. Mr. Vernon-Harcourt had furnished an interesting example 
of the consolidation of a large river in his description of the 
improvement of the Lower Rhone. The immediate object was to 
facilitate navigation by scouring the bed ; but directly the cross- 
dykes from the aides formed enclosures where the materials scoured 
from the central channel lodged, the banks of the river were 
tlioroughly secured in the places where formerly they were subject 
to erosion. Taking account also of the silting-up in the Dnrance 
and the Isfere, as well as the dams and the replanting on the 
Wonntaina effected in the Lower Alps, it seemed fair to infer that 
the Khone at present carried leas materials to the sea than it did 
at the period of the abortive attempt to lower its bar. Acoordingly, 
if the works bad been postponed, they would have possessed a better 
olanoe of success, in addition to what they would have gained by 
adopting the Eoustan branch, and leaving the flow of the other 
ohannels of the delta unimpeded. 

On some sea-coaata it might be possible, by the energetic and 
persevering efforts of all the riparian owners, to carry out works 
which, though small in themaelves, might simultaneously effect 
proteotion of the coast,, actjuiaition of land, and an improTed access 
to ports at some distance off. Thus Mr. Partiot, in Fig. 7, Plate 4, 
had made the interesting suggestion that groynes, beatdes pro- 
tecting land subject to encroachmentB by the sea, might serve, on 
coasts where the drift of sand was great, to gain tracts from the 
sea ; that these reclaimed tracts, by their projection merely, would 
ateorb this drift and dissipate its source ; and that these ports 
would be delivered from this disabling encumbrance, which 
necessitated the constant opening out a deep passage for vessels 
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'• oonMB inexhaustible aooretions. Dredgers would Qodoabtedlj' la 
always available ; but, wherever praoticable, the forces of natsn 
■hotilcl be turued against themselvea hefore resorting to the coaHj 
and artifluial method of dredging. In default of the jwnrer W 
arront tlie littoral drift, atteinpt§ had been made to coialtos in 
free travel with the maintenance of the outlets of ports ; bnt open 
jettioH, thu timiiave jetties of Mr. Bouquet de la Grye, and irlificiil 
Kluieiiig proved too often only inadequate palliatives; and it 
Dunkirk, Ostond, and elaowhere, it had been necessary in the vi 
to liave rooonrse to great dredging operations. It, thereloie, wM 
a question whether there were not some places on sandy coasti 
whero tlio prinoiijle of the late Sir John Coode's scheme to 
I'ort Elizabeth might be applied— of forming an island portbj 
eniiiruliug breakwaters, suffiuiently far out at sea to preserve iti 
depth) and allowing the travel of sand to proceed unimpeded along 
the ooost, to whioh the port would be joined by a bridge. Tlu! 
bridge, provided with lines of way, and, if desired, hy endlea 
trannportiug bands, would be raised above the reach of the wara, 
from which the port would also be protected by high parapeli 
round the outer side of the breakwaters enclosing it. Ports W 
boon fornioil quite us well, under favourable conditions, by estand- 
ing quays into the sea us by excavating basins inland, the dun 
diffionlty in the lirst case being to shelter the port from w»« 
motion, and in the second case to seoure the entrance-channel from 
aocretion. Where it might be necessary for a proposed ialaai 
port to have a large extent, and to comprise large quays as wsU 
alongside, the etnliankments for those quays might perhaps 1>c 
formed by a, temporary diversion of the sandy drift, by means of » 
dyke whioh could subsequently be removed to restore the priiniti*^ 
travel of the sand along the coast. Mr. Eyriaod dea Vei^tfi 
referring, in his I'aper on " Porta on Sandy Coasts,"' to the propoflil 
of forming an island port connected with the shore by an open 
viaditot, objected to it on the score of its great oost ; bnt ll» 
question should primarily depend on the special configuration rf 
the localities, whioh varied considerably. 

The rule applied to the jetty system for lowering the bar at tl* 
mouths of tideless rivers, was the selection of one of the del* 
ohannels having a moderate discharge, and, consequently, bringing 
down only a moderate amount of sediment. In order, however, U 
carry out this principle to its full extent, a branch should b* 
selected whioh could be closed at its head by a look, and thiB 

' AuaRlcBdcE runtBCt CbRuestrs, llisa, (L) p. 185. 
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divert its discharge into the other branches, bo that only the water Prof. Q«u 
from lockings would pass down, which would not involve much 
dredging for the maintenance of the depth over the har, even in 
the absence of any littoral current. In this case it would be 
essential that the subsequent advance of the delta, through the 
mouths left open for the discharge, should be kept at a distance by 
gioynee or otherwise, so as not to come back into the pass reserved 
for vessels. An important condition, moreover, would be that the 
head of the selected branch should be suitable for the construction 
of a basin in which the lock could be recessed, so that its entrance 
might not be liable to be impeded by the silt of the river. This 
really was the solution finally adopted at the mouth of the Bhone, 
exoept that, instead of excavating a canal, one of the existing 
chaimela would be utilized. 

Mr. Mksgin-Lecreols did not agree with the principle, stated by Mr. Mengf) 
Mr. Vernon- Har court, that the formation of sinuous channels was I'«'='^'"'' 
mespedient in tidal rivers of great widtli, and considered that 
it, at any rate, required explanation. The purely uudulatory 
phenomenon which occurred on the first arrival of the flood-tide 
"Was, indeed, governed by special laws ; but directly the tidal flow 
liad become fully established, its action did not differ sensibly 
from that of the ebb current. The dual action noted of the two 
onrrenta was manifested when the form of the channel was 
defective, and especially when the lines of the curves and the 
distances between the summits of the successive bends were not in 
harmony with the width. When this width was very large, it 
might be difScult iu practice to establish this concordance i and, 
in his opinion, it was only in this sense that the above principle 
should be accepted. The case might more particularly arise at the 
mouth of the river, where the widths were greater, and where the 
problem became complicated by the close proximity of the sea and 
all the resulting perturbations. Higher up a river, and even for 
widths of 650 to 1,100 yards, he considered that a sinuous coarse 
was as applicable to tidal rivers as to others. 

The rate of enlargement of some tidal rivers, with good 
ontlet-channels, had been found by Mr. Vernon -Harcourt to range 
between 1 in 90 and 1 in 30; but these ratios of enlargement, 
especially if relating to English miles, appeared small. He 
himself had arrived, after a special study of this question, at 
ratios of between I in 60 and 1 in 20 per kilometer, according to 
the rise of tide, for rivers under ordinary conditions,^ equivalent 
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Mr, HengjB- to between 1 in 31 and I in 1 2J per mile. The problem coulc 
' " solved in each case by long, but simple calculations of volumi 

effected by Mr, Franzins for the Weser, where he adopted a, i 
of about 1 in 25 per mile for a tide rising 11 i feet. Fi 

Aw 
preliminary approximate calculation, the formula — =^0' 

(1 +ni)- might be advantageonalynaed, in which jp was the* 

of the low-water channel, A w the increase in width per 1 
d the mean depth at half-tide, t the rise of tide, and 1 -)- m 
proportion between the widths of the major and minor chani 
This formula agreed fairly with practical experience, and y> 
applied to the Lower Weser, where t was 11^ feet, d = 23 j 
and 1 + m - 1-33, gave ■ 043 as the rate of enlargement pot i 

If Mr. Partiot's Paper was merely intended to draw the ftl 
tion of en^neers to narrow outlets and their effects, and to 
advantage of esaminiog in each case whether it was poss 
and desirable to adopt this system, Mr. Mengjn-Lecrealx hat 
objections to raise. The theory, howeTer, had originated 
echeme proposed by Mr. Partiot for the Seine ; and if, owin 
the great authority attaching to the Proceedings of this Institu 
tbia Paper should directly or indirectly furnish an argumen 
faTour of this project, he could not possibly give it his appr( 
In the first place, aa Mr. Vernon-Harcourt had remarked, in 
case of great rivera and estuaries, the function of an artii 
narrow neck involved gigantic works, with corresponding ei 
diture ; whilst the consequences of an error in the anticij: 
results, which was alvraya possible, became all the more formidi 
The cloaing of the Seine estuary across a width of 6j miles, al 
bottom of a bay where very powerful tidal currents convei 
■would involve an absolutely unprecedented work, the esecuti< 
which, if not impossible, would at least be attended by formid 
diflicalties, and expenses which would be hard to estimate. 

As regarded its results, this scheme gave rise to grave quest; 
Would not the narrow^ neck, placed at the side, occasion a lowe 
of the high-water level in the estnary, and what would be 
amount of this lowering ; and what would take place du 
construction? Was not the formation of an inner bar to be aj 
hended ; and by what works would the continuity of the cha 
in the estuary be ensured ? What, moreover, would be the posi 
and depth over the outer bar, which would unquestionabli 
formed in front of the neck ? These were all aerions qnesi 
which had been for a long time diacuased, and in face of w 



edinga.] CORRESPONDENCE ON TRAININO OV RTVEHS, 171 

great majority of Prenoh engineers, the popnlationa interested, Mr. 1 
the public authorities, had decided against this scheme. "' 
deliberately condemned it as diBastrous ; whilst others 
ifined themselves to the views that the risks and cost of con- 
ition would be excessive, that the chances of failure were too 
A, and that the results were uncertain and disproportionate to 
works ; but both sides arrived at the same conclusion. The 
iples from nature which famished the basis of the argument 
of the scheme were not complete ; for the Loire, which 
a neck, possessed only a very moderate navigable depth, 
it the navigation of the inner estuary of the Gironde was 
ining to present difBoulties. Beyond Liverpool, in front of 
ih the Mersey flowed through a regular neck, a bar existed, 
iently inconvenient for navigation to render it expedient to 
^^pend large sums at the present time in dredging for lowering it. 
The existence of a neck was not everything ; and other conditions 
were needed as well. The port of Havre adjoined depths on the 
west and north-west, which were aud would remain secure, and 
into which it would be very easy to open a deep outlet by a slight 
modification of its entrance, and by dredging in fine ground, which 
would provide a permanent improvement, constituting only a 
email portion of the works which Mr. Partiot's scheme would 
eatail in order to provide a neck with the section absolutely 
necessary for the flow into the river. In Mr. Partiot's scheme, 
Havre was offered to have the waters of the Seine led to it, 
together with the materials they carried along, coupled with the 
promise that the current would drive the bar which would be 
formed sufficiently far out and into deep enough water. The 
maritime proposal, on the other hand, would afford economy, 
simplicity, and certainty ; there was no doubt as to the choice, and 
it rendered the objection to Mr. Partiot's scheme absolute. As 
regarded the Seine, its improvement would be continued by 
rational means, less radical indeed, but also lees dangerous, 
capable of being carried out in stages, and thus giving oppor- 
tunities of profiting from time to time by the teachings of 
experience, which seemed to him in accordance with common 
Bense. In conclusion, the plan of a neck was an interesting 
method to hear in mind, and to investigate, whieh had been 
nsefnlly adopted in certain cases, though on a restricted scale, and 
which no doubt might again he resorted to ; but it was not the 
sole method, nor of universal application, nor was it free from 
uncertainties. In large rivers and estuaries, the magnitude of the 
necessary works, the large scale even of the changes introduced in 
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, Hfngid- the naiaral oonditions, and tbe greatDess of the risks attending 
""*" *■ any mistake with reference to the anticipated results, which were 
peculiarly difficult to predict, constituted very grave objectii 
Ur. Partiot's scheme, which would often lead to a search for otiier 
methods. 

fMM. Mr. J. De Coene noticed that, in the Papers under discnssicii, 
absolutely disairaitar subjects had been touched upon, for rivere 
flowing into tidoless seas, lika the Mediterranean, had been uon- 
sidered at the same time as rivers flowing into tidal seas ; where- 
as the action of the currents in the two cases were entirelj 
diflerent, and he proposed to confine his observations to the Utter 
class of rivers, snob as flowed into the sea along the French coastj 
bordering the Atlantic and the English Channel. He wouH 
observe at the outset that Mr. Vernon-Harcourt and Mr. Psrtiot 
had not mentioned in their Papers the experiments made upon 
the Seine, in imitation of those carried out by Professor Osboraa 
Reynolds, who, by esperimenta, subsequent to those on the upper 
Mersey estuary, demonstrated the perfect concordance of resnlW 
obtained with models of different scales — an evident proof of the 
Lndications that might be obtained by means of a model as to the 
direction in which training- wall 9 should be carried out in tbe 
estuaries of tidal rivers. Professor Reynolds, in the later experi- 
ments carried out at Manchester, had reproduced in a V-shaped 
outlet changes of channel such as took place in the Seine estuary, 
and which constantly occurred on the Tees previously to the works 
carried out by the late Mr. John Fowler, and to which the Seine 
was still exposed, since recently the channel had suddenly shifted 
some miles in a few tides, passing from the north to the south ot 
the bay of the Seine. Thus the channel which, on the 2nd of 
February, 1893, passed hetweeTi the banks of Eatier and Amfard, 
changed abruptly in less than a week, in March, to the north, 
running close to Hoc Point, and having its outlet close to Havre. 
Then suddenly, on the 1st of May, it shifted to the south coast 
between Hatier and Villerville, where it was at the present time. 
These displacements traversed a width of estuary of about 4 miles. 
At certain places the channel changed nearly every day, and 
necessitated constant alterations of the buoys. It was these 
changes of direction of the channel which prevented its deepening, 
and confirmed the accuracy of the results observed in the experi- 
ments on the models of the Seine. As stated in his report on the 
Proceedings of the London Maritime Congress,' the exporimeuts 
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at Boaea with a large-Bcala model indioated clearly the U'- 0* 
ibility of constructiDg a breakwater enoloeing the Seine 
and leaving only an opeuiog in front of Hoc Point, so as 
the silt from the estuary, taking care to begin with a low 
Ing-wall along the sonth side, and to defer the construction of 
'training- wall beyond Honfleur on the north side, aa Mr. E. de 
if Bilbao had advised them to do.' The Bame thing 
resulted from the opinion expressed twice by Mr. Vernoa-Harcourt, 
first in his Paper on his little model of the Seine, and again in his 
Paper on his Mersey Model.' In the portion of this latter Paper 
headed " Introduction of Training- Wails in the Lower Estuary," 
Mr. Vemon-Harcourt referred to the results that might be obtained 
on a sandy bar by dredging, as gathered from the improvements in 
depth effected at the approach to Dunkirk Harbour, but expressed a 
dontt whether the results would be equally satisfactory in Liverpool 
Bay. He explained that his reason for adopting diverging training- 
Walla in his esperiuieuta was that converging walla in Liverpool Bay 
would involve an enormous expense, but added that these converging 
Walls would certainly be preferable. He said, " There is no doubt, 
a* amply proved by the results of scheme A in the Seine experiments, 
and by the experience of the effects of converging walls at Dublin 
Harbour and elsewhere, that walls converging on the bar would 
dwpen the channel over the bar. The wall or embankment, 
however, on the western side would constitute a gigantic work, 
alwut 7 or 8 miles in length, and traversing deep water for some 
distance ; and both walls would be fully exposed to the sea." The 
opinion of Mr. Vemon-Harcoiirt on the action of converging 
' breakwaters was worth recalling, for it would be found that these 
converging breakwaters always aflbrded great depths, as illustrated 
by the new experiments made at Houen on the model of the Seine. 
Ab stated in his (Mr. de Coene's) pamphlet of 1890, Mr. Temon- 
Harcourt's experiments were to be repeated by the Government 
engineers at Rouen with a larger model. These experiments had 
been commenced at the end of 1890, and were now in operation; 
and he had become convinced, by an examination of the model, 
that the adoption of a scheme with a narrow neck would afford a 
depth of 21 feet from Tancarville to the outlet between the break- 
w&tfita. The depth increased in an outer roadstead of 7,500 to 
10,000 acres, where, over a large area, it amounted to 50 feet below 

• " fetnde sur lea Esperieocpa de M. Vemon-Harconrt, et la CoDgrfca Maritituo 
h I'Expooition," J. do Cueue, 1390, p. 11. 

* ProceedingB of the Rojal Society, vol, xU. p. 5H ; ami " Effects of 
ItaibiiiK-WitUi iu an Estuary like the Mersey," 18»U, i>. 7. 
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tiCocn*. low water. A Bhoaling occurred eome distance from the ontlel, 
forming a bar which, however, did not rise within 26 feet 
Mro of the charts. As the sea very rarely fell below this zero, Ik 
Seine would be accessible at all times to vessels drawing otbt 
feet of water. Moreover, the employment of powerful dredgerB.liie 
those at work on the Mersey bar, would enable the bar to Ik 
lowered, and the channel between the walls to be deepeoed, bo 
that vessels could get up as far as Tancarville at low water, 
deep roadstead would thus be provided in the Seine estuary, wheM 
the naval and commercial fleets would find a safe and 
refuge. This was the scheme which he bad already advocated 
1886 and 1889, and which had now emerged from the region 
speculation. It might be expected that the official results of thesfl 
esperimenta would be soon published, and that the solution 
he advised would be carried out ; and the Port of Havre wouli 
thiis be accessible, by a new entrance into the Seine, at all timoa 
to vessels of 28 feet draught, like the Scheldt from rinshinE 
to Terneuzen, and the Maas up to Eotterdam. The navigation 
also on the tidal Seine up to Rouen would he assured at every 
tide, as in the most favonred porta of the world. Accordinglji 
it was now certain that the project to be adopted should consist of 
a breakwater starting frora Villerville, and stretching out to tliB 
Amfard bank ; the training- walls also should widen out from 
Tancarville to a width of 4,230 feet opposite Honfleur, instead o£ 
1,970 feet as proposed in Mr. Fartiot's project of 1859, and tlifl 
south training-wall should be prolonged to the Anifard bank, an 
opening being left at the outlet of the Seine into the sea, 8,800 feet 
in width. The enclosing breakwater might be formed of fascines, 
as employed on the Weser, and at the jetties at the mouth of the 
Maas, which would enable it to be constructed cheaply, rapidly, 
and solidly, and thus ensure the creation of a roadstead in the 
Seine estuary of great depth and with a fixed channel. 

One point had not hitherto been dealt with by the engineers 
who had discussed the subject, namely, the way in which the worka 
should be carried out. Mr. C'aland, the eminent engineer of tha 
lliver Maas improvements, had remarked to him that the worka 
for the completion of the improvements of the Seine should not be 
carried out like the works above. In an estuary like the Seine, 
the works, at the point they had reached, should not be extended 
from above downwards, as in the upper part of the river, but from 
the sea upwards, as had been done on the Maas, where the cut 
across the Hook of Holland was undertaken first, and also on the 
Tees in constructing the breakwaters on the sea-coast. Having 
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first fixed the outlet of the river, the interior worka would be Mr. D« C 
carried out much more easily and cheaply; whereas in proceeding 
from above seawards, almost iueuperable diffieultiea would have to 
he overcome. Moreover the partial closure of the mouth of the 
Seine was justified by the tradition which indicated that the Seine 
estuary was formerly deep and stable as far as Harfleur, at a period 
when the outlet was closed between Villerville and Eatier by a 
tongue of land covered with trees, for at low tide traces were found 
in this part of the remains of an ancient forest, showing that in 
ancient times the Seine had not as large a mouth as at the present 
time. This bore out the schemes which he and Mr. Le Brun had 
advocated in the discussion at the Societe des Ingenieure Civils in 
1886 and 1889, and which Mr. Portiot had proposed in 1859, but 
With insufScient widths for the easy admission of the flood-tide. 
The estuary of the. Seine thus enclosed would form avast roadstead 
at its entrance, where the flood-tide spreading over a large area 
and providing a largo volume of water at high tide, would furnish 
the vast reservoir which Mr. Wbeeler considered necessary for the 
tnaintenance of the entrances of tidal rivers. The new widening- 
out between the training- walls, in accordance with the opening 
left at the outlet into the sea, would thus afford a continuous 
enlargement of the channel out to sea, facilitating the introduction 
of the flood-tide into the river. The results, accordingly, asked for 
in the discussion on this subject at the inland navigation congresses, 
at this Institution, and at the sister society in France, would be 



Baros Qciinette de Eochemont considered it v 
that the depths in a narrow neck were relatively larger in most '*' 
cases, aa this was tbe natural effect of any narrowing of a current; 
but these depths only extended a certain distance below and above, 
which they shoaled in proportion to the local conditions, 
B almost always to form a bar. The depth of water on this bar 
waa generally much less than in the neck, and in many cases too 
little for vessels to enter the river at all times. Though there was 
a minimum depth of 40 feet over the bar of the Gironde, and 28 
feet over the Humber bar, on the other hand, at the entrance to the 
Iioire, the depth over the bar at low water was only 11 to 13 feet, 
and in front of the Tagus only 19| feet. The important question, 
therefore, for navigation was not the depth in the neck, but the 
depth over the shoals below. A study of the maritime charts 
showed that a number of rivers with a neck had only small depths 
at their months, as, for instance, the Loire, the Adour, the Liffey, 
the Senegal, &c On the contrary, many rivers with funnel-shaped 
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Banm Qoioette outlets possessed great depths at their mouths, as, for example, the 
^"^™""''' St. Lawrence, with a niinimum depth at low water of 330 feet, 

^^m the Thames with a minimum depth of 27 feet over its baf, tbe 

^H Forth with 88 feet, and the Congo with 364 feet. The analogieB 

^^H rited were often misleading, for rivers almost always exhibited 

^^H contractions followed by expausions near their mouths ; and they 

^^H were, therefore, liable to be classed as estuaries with a necit, or 

^^H funnel-shaped, according as they confirmed or not the theory put 

^^H forward. Special attentioa should be paid to local conditions, 

^^H which varied so much in different rivers ; and therefore he could 

^^1 not admit the comparison, instituted by Mr. Fartiot, between the 

^^M Foyle and the Seine, whose conditions were absolutely different 
^^M The waters of the Foyle were clear, carrying no alluvium along! 

^^M and all the prevalent winds were in the opposite direction to tba 

^^H entrance to the bay. The mouth of the Seine, on the ccntraiy, 

^^H received all the drift from the sea, for the flood-tide, whethef 

^^B coming in from the north or south, was densely charged % 

^^1 materials, and the prevalent winds blew right into the estuaij' 

^^1 Moreover the currents in front of the Foyle flowed transversely t*) 

^^H the neck, instead of converging from all sides towards the moutli, 

^^H as in the Seine. The little counter-current, caused by the projeo- 

^^B tion of Cape Inishowen to the east of the neck of the ?oyle, 

^^1 merely a local peculiarity, which could not be compared to thB 

^^1 reverse current occurring in the northern part of the mouth of the i 

^^1 Seine, at the moment the filling of its estuary was completed. 
^^1 Tbe construction of a breakwater in the estuary of the Seine, 

^^H connected with the southern shore near Yillerville, would seriously 

^^M disturb the regime of the currents and the tides. The current, 

^^1 passing along the coast of Calvados, and continuing its easterly, 

^^1 course till high water, woald be diverted northwards; and ths 

^^1 reverse current would occur sooner, would increase in strength, 

^^1 and would arrive in front of Havre more charged with sediment. 

^^H There, meeting with currents flowing in other directions, eddiea^ 

^^H would be formed, causing loss of velocity and the formation of 

^^H shoals in front of the neck. The filling, also, of the Seine and its 

^^H estuary would take place under conditions difficult to foresee, sines , 

^^H it should be effected by the waters which actually flowed north- 

^^H wards about an hour before high water at Havre. The rise of tide,, 

^^H in the Seine might be diminished ; the water would attain a higher, 

^^H level in the south than in the north of the estuary; and it was- 

^^M likely that the second high-water would cease, to the great detri- 

^^M ment of navigation. Moreover, the flood-tide, laden with sand. 

^^M collected from the banks below, would bring materials into tha 



TfiMCedings.] COBHKSPONDENCE ON TRAININQ OP BrVBRS. 177 

estnary, wLich would be deposited at slack-tide, and would accu- '' 
nitilate itt the sheltered recesses, from which it would not he 
displaced by the ebb. The capacity of the estuary must be thus 
gradnally diminished, to the great detriment of the depth over the 
bar, whicii would be formed below the neck. The port of Trou- 
ville, also, would Iw irretrievably destroyed, and the port of 
HonfleiiT would run a serious risk of a similar fate. 

It had been stated that the shoal below the neclt, if it was formed, 
■woold be situated where the depth of the water was great, and 
therefore could not he any impediment to navigation. Un- 
doubtedly the ehoal would form in a position where at present 
there was a fairly considerable depth at low water; but probably 
only a relatively short time would elapse before the shoal wag 
BuiBDiently raised to form a serious obstacle to navigation. The 
Seba hank, indeed, which stretched out to sea in front of the 
moath, furnished an inexhaustible supply of sand; this hank 
supplied the 460,000,000 cubic yards of sediment which bad been 
deposited in the estuary in a few years ; and from this bank would 
come the alluvium which would form the new shoal. It would bo 
impossible to state beforehand the precise height that the bar 
mid attain; but there was every reason to fear that the depth 
it at low water would be inadequate for the free passage of 
at all states of the tide. In fact, such a depth was rarely 
in rivers more favourably situated as to tides and allavium 
tlisn the Seine. 

The project, accordingly, proposad hy Mr. Fartiot for the 
improvement of the outlet of the i^eine was of a most risky 
character. This conclusion had, moreover, been confirmed by the 
reeults of experiments with small-scale models of the Seine, made 
first by Mr. Vernon -Harcourt, and subsequently by Mr. Mengin- 
Lecrenli. On the contrary, the improvement of the outlet of the 
Seine eould only be effected by facilitating and regulating the 
inflnx of the tide, by means of training- walls widening out 
rapidly, and by lowering the shoals existing in the channel. 

Mr. L. L. Vaothier remarked that the laws governing the Mt. VnutMa 
motion of the waters on the surface of the globe were everywhere 
identical, withonly those modifications which differences in cohesion 
and density might introduce. In apite, however, of this absolute 
identity, the diversities in surrounding conditions, and variations in 
the numerical factors exercised such an influence on the phenomena, 
that at first sight, especially in regard to the complicated case of 
the outlets of tidal rivers, each appeared to constitute a special 
problem. The variety in the numerous physical conditions 

[the INST. C.E, VOL. CXVIIl.] S 
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T. afiecting the moutlia of tidal rivers gave to each tidsl oatletil 
speciul features, which authorised regarding with snspicioii ■ 
syat«ui which was supposed to be applicable to all tidal oatlatf 
without distinction. He would admit that the restricted ovtls^ 
advocated by Mr. Fartiot, might be adopted with advantsg^ 
within reaeonable limits, for the mouths of tideleas rivais, id 
might evCQ be expedient for rivers with a large freah- 
discharge, flowing into seas with a small tidal range, proridd 
that each case was separately considered. Where, however, owing 
to a great rise of tide, the most pot«nt factor in the maintenaim 
or creation of a good navigable depth in the river was the volann 
of tidal water introduced by the flood-tide and expelled by tho 
ebb, it appeared to him difficult to allow that it could be eipediflnt 
to make the flood-tide first pass through a narrow neck to effwt 
an improvement. This was the sole point which he proposed W 
consider ; and as Mr. Partiot specially proposed to apply this 
theory to the Seine, he would take the mouth of the Seine as U» 
basis of his argument. At the close of his Paper, Mr. Partial 
acknowledged tliat the increase of the volume of the flood-tidfl to 
its utmost limits in ascending a river was advantageous; i^ 
so far he (Mr. Vauthier) entirely agreed. Mr. Partiot, howETWi 
added that the divergence in opinion between him and his 
opponents, as to the form that should be given to mouths, wss 
partly due to tlieir not having sufBciently taken into account tii9 
fact that tlie progressive increaae of the sectional area of tiw 
channel was of far greater importance for the free inflns ani 
eEQux of the tide than its increase in width. Although tls 
introduction of tidal water into a river, followed by a parli»l 
driving buck of the fresh-water discharge, was a purely hydnmlm 
phenomenon, rather than the propagation of the tidal wavei ^ 
would nevertheless be disposed to admit with reservation Mr- 
Partiot'a statements on this point, whilst noting that partial 
contractions of a river always produced injurious Iobebs oi 
momentum. Where, however, was the progressive increase of 
sectional area on which Mr.' Partiot relied? It was expedient »'■ 
thia jioint to put aside vague general afBrmationa, and to esamiM 
in detail a particular case, as he would do in the case of the Sein*. 
The general condition of the Seine estuary had been described itt 
various publications.' The systematic regulation of the bani^ 

' "Rapport Bnr tea Anicliomtiona ilont Bont encore Bneceptibles la 
Muritiiuc ut son EBtusire," L. L. Vaiitliier, Houoii, 18S1 ; " La Seino MiritlB* 
ct tHJn Kstiiniro," E. Liivuiunu: auil Miuutcn of ProcccUm{,'s iMt. CJI.i TdL 
Ixxxiv. p. 'HI. 
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and the dredging of shoals carried otit above QnilleheTif since Mi 
1880, had increased tho tidal volume, and diminished the drop of 
the high-water line between Quillebeuf and Kouen ; but the 
desirable widening of the trained channel, to which the raising 
of the high-water line of spring-tides below Quillebeuf and its 
depression above were attributed, had not yet been effected. 

The aoheme of improvement proposed hy Mr. Partiot was shown, 
on Fig. 4, Plate 4, and consisted in prolonging the existing 
training- walls without increasing the width between them, and ia 
reducing the outlet to a width of about 2,190 yards, by a break- 
water extending from VillerviUe towards Havre, with a bead 
seawards towards its outer end. Was this onter portion to be 
oontinuous as shown in the scheme of 1887, or was an opening to 
he left in front of the present entrance to Havre as shown on the 
plan accompanying the Paper ; and was the low training- wall, 
probnged from La Rille, to stop at Honfleur, or to extend towards 
Havre? These points, however, were only of secondary import- 
ance; and his chief concern in the present instance was the 
question of the filling of the estuary by the tide. 

The volume of tidal water entering the trained channel at 
la Eille depended essentially on tho conditions of tho filling of 
tie Seine estuary up to that point, and had little relation to the 
laws of the propagation of the tidal wave. The estuary, strewn 
With sandbanks, between which the ebbing waters flowed away 
throngh winding channels, was an empty space filled by the rising 
tide; and though under the existing conditions of two branch 
tidal wavos, from the north and south respectively, combining to 
fill tie estuary, it was possible that the final influx of water into 
the estuary might experience feebly the rythmic influence of the 
tidftl wave passing along the southern coast, it was certain that, 
when once the estuary was barred, this kind of influence woidd 
cease entirely. There would only be an immense receptacle 
communicating through a neck with an infinite mass of water 
Bnbjeoted to a definite tidal oscillation ; and the first question was 
how the estuary would be filled through this neck, previously to 
the changes which the new works might produce. The volume of 
tidal water flowing at each tide into the estuary in 1 875, was stated 
in Mb report of 1881 to amount to 906,000,000 cubic yards during 
an ordinary spring-tide, and 433,000,000 cubic yards during an 
ordinary neap-tide ; and he also obtained, for the preparation of 
the same report, observations of the spring-tide of the 20th of 
September, 1880, and of the neap-tide of the 27th of September, 
1880, taken at Havre, La Rille, and several other stations on the 
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Mr. Tautbier. river. To compare the cross-sections at tlie outlet at difTerent 

hetglits or the tide, under existing couditious, and as modified hy 

Mr. Purtiot's scheme, he had adopted the meridian of Villerville 

for the present outlet, to be well within the mark ; and he had 

assiiQied that the depth in the neck would be 16^ feet below zero 

at the sides, increasing to 41 feet in the centre, and exceeding 

33 feet for a width of over 1 ,250 yards, which deptha could hardly 

possibly be exceeded. Under these conditions, the cross-sections 

^^ of the outlets increased between zero, or the lowest low water, and 

^^b high water at springs, 26f feet above this level, from 32,120 tg 

^^M ]14,i<d0 square yards in the present estuary, and from 23,920 to 

^^M 43,420 square yards in the proposed neck ; whilst the ratios of the 

^^M sections in the estuary to those in the neck increased from 1'343' 

^^m at zero up to 2'643 at high water. Beginning with spring- tides,, 

^^B which evidently should give the most characteristic results, the 

^^M tidal rise every quarter of an hour at Havre, La Bille, and Tancar- 

^^1 ville on the 20th of Septemhor, 1880, were indicated in the diagram, 

^^H Fit/. 15.' The diagram showed that, at the time of low water 

^^V ut the mouth, the tide wa^ ebbing with a considerable slope 

^^M from La iiille to the mouth; and as the tide continued fallingi 

^^M at La liille till seven o'clock thirty minutes, when the tide was 

^^1 5 feet 10^ inches higher at the mouth than at LaHille; and, under 

^^M these conditions, tlie tidal lines between La Hille and the month. 

^^M during those periods were clearly not straight but concave. Tu 

^^1 any case it was reasonable to assume tliat till the tide outside 

^H reached a height of 7 feet 7^ inches, represented by a dotted line 

^^M on the diagram, the tidal current had not been reversed at the 

^^B month, and that the estuary had not received any appreciable 

^^B quantity of tidal water. The rise of tide from this level to high. 

^^B water, amounting to 19 feet 1^ inch, was efTected in two hours 

^^1 fifty-£ve minutes; and the mean rate of rise every five minutes 

^^M during this period was —^— feet = 0'546foot. The mean sectional 

^^1 area of the existing outlet between these heights was 82,8G0 square 

^K yards ; and as 906,000,000 cubic yards had to flow in during the 

^^H period of ten thousand five hundred seconds, the average velocity 
^^1 906,000,000 X 3 

■ ''"^= 5S860loS600 = ''''"'"'°'I«'"""°'*- After »ii o'clock 

^^M ' Besides the diaemo, Mr. Vautbiet'B comuiaDiciitioii contunB thtea 

^^H mtmerical tables, tlie main reeults of wliicb have alone been given, owing 

^^M lo want oF space ; and the length of the communicatioti has rendered otm- 

^^1 uderable coudeuBatiou neceasary in otbei respecti. — SEonrrABV Ihbi, C.B. 
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fifty miniiies, the &11 towards La Bille remained fairly regular Mr. Vauthl 
through seven- tenths of the total rise; and the most natural 
hypothesis was that the velocd^ of influx varied in proportion to 

Fig. 15. 
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the rate of the rise of tide. As the most rapid rise in five minutes 
was 1'14 foot, or very nearly double the mean rate of rise, it 
followed that the maximum velocity of influx was 6 '26 feet per 
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Hr-VsnUiier. second, which did not appear BscessivB. These data enabled tb» *** 
depressioDB of levels that n'ould occur in the estuary from ths 

I influx of the tide through a narrow neck to he calculated, from 

which resalts it appeared that with a apring-tide correaponding t* ** 
that of the 20th of Septeraher, 1880, the maximum depression 
2j feot would take place at about half-past seven, at which 
the velocity of flow through the neck would reach 13^ feet par 
second, and that for Iqks than a quarter of an hoiir during the lii 
after six o'clock fifty minutes would the depression be less than 
Q inches, and the velocity of influx in the neck be leas than 
6^ feet per second. Similar calculations, on tlie same basis, having 
been made for a neap-tide corresponding to that of the 27th of 

■ September, 1380, with a range of only 7^ feot, indicated that the 

depressions of the water-level in the estuary due to the neok, and 
the velocity of influx through the neck, were comparatively very 
alight in this case, reaching a maximum of not quite 2 inchea of "^ 
depression, and 3^ feet per second velocity of flow. Though the 
contrast in these respeots between springs and neaps was very 
great, it was only the result of well-known laws. 

The calculations of depression due to the neck assumed that the 
inflowing water started from a state of rest ; hut this hypothesis 
was not in conformity with the facta under existing conditionB. 
^■^ The velocity of influx could not be created without some surfaoft- 

^^M depression ; but this depression, which for the average velocity of 

^H 3iVfeet at spring-tides did not exceed 1^ inches, began in iho 

^H meridian of La HSve, more than 2^ miles to the west of the 

^H meridian of Villerville, where the outlet was assumed to be; and 

^^M when the entering waters traversed this, they had already received 

^^1 their impulse from the ocean, and did not undergo any lall there. 

^^1 This, however, was not so in the case of the neck. Formerly, when 

^^M Mr. Partiot proposed to place the new mouth close to Havre, it 

^^M might have been supposed that, at the flrst moments of the 

^^M tide, the waters would have approached the neck with an already 

^^M acquired velocity, though extremely feeble and producing only a 

^^H very slight eftect. Nothing analogous, however, could occur now, 

^^B even for this brief period, when the new mouth was under 

^^M La Heve, right on the open sea; and in any case this was inoon- 

^^M trovertiblo with still water, which the estuary had to draw upon 

^^U to fill itself very soon after the beginning of the rise, when the 

^^H branch of the flood-tide coming from the neighbourhood of Trou- 

^^M ville would he stopped by the breakwater. The calculated de- 

^^M proseions, therefore, were decidedly eft'ective quantities, in which 

^H a coefBcient higher than unity might clearly have been intru- 



■l^ced, in aocorilance with admitted facts relating to tlie flowMr.TaatU 

f^'t water. 

' To complete the investigation fally, it would be necessary to 
CiiPloulate in stages how the estnary would be filled nudar the new 
|i»«Dditions created by the neck, and especially how the inflowing 
ir^water would reach the extremity of the trained channel at La 
itEIille for ascending the river ; but for his present object some 
M^eaeral indications would suffice. At six o'clock fifty minutes tha 
llj-water-level was 7 feet 7J inches above zero, both at the mouth and 

tckt La £ille. Fig. 15, the outflow slackened at the month, and the 
'filing of the eBtuary was about to commence ; and, supposing the 
I saeck suddenly formed, what would be the result? Assuming that 
"the rate of the rise of tide was uniform, a difference of water-level 
"would be formed at each end of the neck as the tide rose, which 
■would increase till it became large enough to remain constant. 
Calling H the height above the line of departure at which this 
result was reached, the average velocity of influx during this first 
period vrould be exactly two-thirds of its uniform value above H ; 
and, admitting that the inner level had risen this same fraction of 
H, the amount of fall would equal H -H 3. The variation in the 
rate of rise modified the simplicity of this conclusion ; but these 
variations altered very slightly the numerical result, if the sole 
ratio of the sections taken corresponded to the height ^H, a value 
to which a velocity equal to two-thirds of the average velocity of 
influx corresponded. Calculating on this basis with respect to the 
tidal influx due to the rise of 5^ feet, comprised between the 
levels 7"61 and 13'2() feet above zero, which was about one-third 
of the total rise above the lower level, the loss of height was found 
to amount to 9^ inches, equivalent to about 14 per cent. If 
instead of stopping at the level 13-26 feet, the layer of water 
taken into consideration had been carried up to 14-40 feet, tliereby 
including in it the greatest rate of rise of 1 ■ 1 3 foot in five minutes, 
the depression would have amounted to 11 inches, involving a 
corresponding lose of inflow. These results, though somewhat 
striking, had been greatly reduced in amount by substituting 
mean rises for the actual irregular ones, since, taking this into 
aooount, at the time of the greatest rate of rise of tide there was a 
loss of 40 per cent, at this period, when the inflow was most active. 
The introduction of a neck at the outlet of tlie Seine would 
accordingly lead to two grievous results, namely, depression of 
th© water-level inside the breakwater, and loas of tidal volume 
entering the estuary. The depression would, on the average, be 
ne than l\ foot up to about nine o'clock, Fi'j. 15, at which time 
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Hr.TnatUcr. the slope of the water-level in the estnary had become reveraeil, 
and sloped seawards, and the veloi^ity of iailus was slackened at 
La Bille, producing the rise in the water-line there wldcth was 
observable near high water. The loss of tidal water entering tbe 
estnary, resulling merely from the circumstances considered above, 
would amoiiul to ujore than one-fifteenth of the tidal capacity^ 
calculated in 1875, or over 60,000,000 cubic yards ; whilst the long 
period of high water at Havre after nine o'clock could not toalM 
up the deficiency, since at this period no more influs took plaoa. 

These conditions at the outlet of the neck would necessarily 
be reproduced at La Hille, which, in spite of Mr. Partiot'a lo* 
training-wall in prolongation of the outer one, would still remsin 
the real entrance of the river in his scheme. Reduction in tli8 
volume passing up, and a Bmaller tidal impulse were the inevitatlB 
consequences ; for it would be impossible to ohtain as large * 
discharge through the estuary with gentler surface slopes and ft 
smaller volume of water. This impossibility would be still rnotB 
manifest if the not inconsiderable loss of momentum, resuitiag 
from the abrupt changes of velocity in the current on emerging 
from the neck, were taken into accoont. The condition, therefore, 
thus created, would be extremely unfortunate for the tidal Seine; 
and as the effect in these cases always reacteil upon the cause, the 
situation would before long become disastrous. Hitherto, indeed, 
he had only examined the filling of the estuary ; but tliere was no 
prospect of the neck having a compensating inBuence on the 
outflow. Undoubtedly after a certain period of the ebb, the neck 
would afiijrd an ample section for the efQux ; but at the beginning of 
the ebb, when the estuary was nearly full, an obstruction to the 
outflow causing a depression of level, the reverse of that noted for 
the flood-tide, would produce a longer stagnation of the tidal wat«r 
inside, and increase the amount of sediment deposited, without 
having any beneficial influence on the level attained, and on the. 
volume of water expelled. The impediment, accordingly, offered 
by the neck to the influx of the flood-tide would be wholly 
injurious. The volume of tidal ebb and flow was, as acknowledged 
by Mr, Partiot, the great faotor ; and the effects of its reduction, 
though possibly gradual, would be certain ; and without considering' 
the other objections to the scheme, such as the difficulti 
eieciition, and the formation of a bar outside, the immediato 
advantage upon which Mr. Partiot relied would be liable to 
disap])ear. Undoubtedly the first result of the formation of a neck 
should be a deepening within it, if the bottom could be scoured ; 
but to what extent, and in what manner would this deepening 



Ptoeeodings.] CORBESPONDENOB ON TEMNINO OF KITEBS. 185 

le extended ontaida as well as inside ? Mr, Partiot had, inileetl, Mr. V 
indicated this in the illiistratious accompanying his publications ; 
^nt these anticipations could not be regarded as possessing any ^M 
definite certainty. Moreover, should they be correct at the outset, ^M 
I if the effects he (Mr, Vanthier) had attributed to the construction ^M 
were real, the benefit would be lost before long. * 

In order to justify bis schemes for the Seine, Mr. Partiot relied upon 
analogies which he (Mr. Vauthier) wonKl briefly consider, though 
ha objected to this method of reasoning with regard to tidal outlets. 
In a very interesting review of the bydrographical conditions of the : 
months of large tidal rivers, to which new examples were added in 
every fresh publication, Mr. Partiot pat forward as the most con- 
olnsive analogies, the Gironde, the Loire, the Tagus, the Mersey, 
the number, tlie Poyle, the Maas, the iScheldt, and the Rio Grande ' 
do Snl. If it was true that the contraction caused by a neck could i 
Dot fail to produce a lowering of the water-level at the entrance ' 
to a river, and that, in spite of the advantages attributed to this ' 
oontraction, this depression was in itself a disadvantage, which 
Appeared to him difficult to dispute, then the amount of the I 
wntraotion and the tidal range were the pritieipal factors in the 
fesalts. For relatively equal depths, the proportion E of the 
restriction, either in a natural neck, or in a neck to be made, was a 
iiieasure of the difference which this restriction produced between 
the free tidal influx and what might be termed the forced tidal 
influK. It might be supposed that a oontraction of one-half might 
doable the depth of the entrance channel ; but it would be difficult 
to admit that a contraction of four-fifths would increase the depth 
five times. The factor E, therefore, it seemed to him, should enter 
as the first power into the comparison to be made between the 
several cases. The range of tide was one of the elements of the 
velocity of influx; and the mean value, V, of this velocity was 
in reality determined by the volume of inflow, and the average 
section of the entrance channel, which necessarily bore a certain 
relation to one another. Assuming this relation to be constant, 
which was favourable to small ranges of tide, and that the dura- 
tion of the flood-tide was the same everywhere, that the velocity, 
V, was proportional to the range, and the resulting height to the 
square of the velocity, then the product KV^ (EH'', where H was 
the range of tide which, according to the hypothesis, always bore 
the same ratio to V) furnished a sort of module measuring the 
obstacle presented by the neck to the action of the tides. Putting 
aside the Mersey, which was (juitB a special ease, and omitting the 
Uaas and the lilo Grande do Sul, which did not upijear to possess 
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Mr. Vnuthicr. contractions, the following were the ■ 
examjiles quoted by Mr. Partiot ; — 



i of EH» for ** 



SsnieofEalui?. 



Giroade 
Luire . 

Humbor 
Fojlo . 



15-9 
15-6 
12'0 
18'7 



The highest modules after the module of the Seine, namely, 
those of the Gironde, the Hiin;ber, the Tagns, and the Loire, were 
only hetween one-third and one-fourth the module of the Saino 
with Mr. Partiot'B proposed outlet, even on the assumption that 
the rise of tide took place, aa at Havre, in less than four houra, 
instead of about five hours. Consequently, the lowering of the 
water-level due to the neok, which had been found to average 
1-2 foot for the Seine, would be only 0-4 to 0'3 foot for the 
other outlets, compared with the water-level with an unrestricted 
outlet, which established a most important difference between 
examples which Mr. Partiot regarded as analogous. Moreover, 
the condition of the Giroodo and the Loire, which Mr. Partiot 
desired to extend to the Seine, was by no means perfect. In 
spite of the very gentle inclination of its bed, the Gironde 
was very troublesome to deepen ; and it was doubtful whether 
the works carried out at the Pointe de Grave, not to maintain 
the contraction, but for protecting the salt marshes of Terdon, 
were satisfactory ; whilst the contraction of the estuary of the 
Loire between Hindin and St. Kazaire was unfortunately far 
from having made the Loire a model river. The remaining 
modules were too small to be worth discussing, whilst the seaa 
into which the Maas, the Scheldt, the Foylo, and the Eio Grande 
do Sul flowed were almost devoid of a tide ; and this fact, 
irrespectively of the other con si derations so ably brought forward 
by the hydrographio engineer, Mr. Gaspari, at the nautical inquiry 
of August, 1880, on the schemes for improving the Port of Havre 
and the passes of the Lower Seine, deprived the Foyle of all value 
as an example, which Mr. Partiot was accustomed to put forward as 
hia favourite instance. It was difficult to sec what advantage in 
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L Biip^rt of his theory Mr. Partiot would derive from the Scheldt, Mr. Vauthi 

? from the Mersey ; for the Scheldt experienced only a 
I 'ery Blight reduction in width in front of Plushingj and if the 
I spsoious estuary extending ahout 11 miles beyond was to be 
^ ittribnted to this contraction, it afforded little recomiuendtttion to 
B Bystem of contracted outlets. Liverpool was situated on a 
V neck of the Mersey separating' two estuaries, the inner one 
:wliich was not suitable for navigation ; and the outer estuary 
iich stretched \2)t miles seawards, was intersected by a number 
of channels, the deepest of which was impeded by a bar with a 
depth over it at low water of barely 10 feet, and which did not 
improve. If the tide at the mouth of the Mersey had not a range 
of nearly 30 feet, the Port of Liverpool would he in a critical 
condition, as English engineers admitted, and it furnished cause 
for anxiety ; and it was, therefore, surprising that the Mersey had 
been cited on behalf of the theory of narrow necks. 

Many important elements had been, omitted from the preceding 
oonsiderations, such us the inclination of the river-bed, which was 
generally small near the sea, and the more or less powerful and 
lepilar discharge of fresh water. The small rise of the river-bed 
inland was the most important factor in the good tidal scour of 
the Scheldt and the Thames. Thus the tidal rise of springs at 
London, 60 miles from the sea, was 4^ feet greater than at the 
month of the Thames; and the tidal rise at Antwerp, 62 miles 
above I'lcshing, was about the same as at sea. The Gironde 
enjoyed a similar privilege, for at Bordeaux, 59 miles above the 
Pointe de Grave, the tidal range was similar to that in the open 
sea; and this circumstance furnished a better explanation of the 
relatively good condition of the Gironde than the contraction at 
its mouth. A more thorough investigation, including the dis- 
charges of fresh water, would probably exhibit new elements for 
a rational discrimination ; but he, nevertheless, considered that 
the tidal oscillation remained the main basis of a classification 
which upset the theory which Mr. Partiot had wholly built up on 
the simple differences in plan of the mouths. Eiver mouths at 
which the rise of tide exceeded 13 feet were not numerous ; they 
were chiefly found in Europe, and only along moderate lengths of 
coasts. This amount of rise occurred only in a few places between 
Gibraltar and Brest; but it was fonnd between Brest and the 
Scheldt, from the Scilly Isles to Aberdeen, with the exception of 
Poole, cited by Mr. Partiot, and near Yarmoath where the rise 
wae only 5 feet ; and along the west coast of Great Britain, up to 
half-way between the Mersey and the Clyde. Wou^ 'ike ^sVi^ (A 
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Mr. THtUar. the west coast of Africa, there was only one place, in latitude 121 
north, and on the east coast oalj' in the Mozambiq^iie channel, 
near Zanzibar, where the rise of tiJe of 13 feet was exceeded; 
tltronghont tbecoasia of Asia, there were only isolated places whera 
a large tidal rise occnrred, such as north of Bombay, on the f 
ooast of the Bay of Bengal, and Corea. On the coaata of America^ 
there were very large rises of tide on the Atlantic coast at the two ] 
extremities, namely, in the Bay of Fundy and at Patagonia, with 
only two places along the intervening coasts where the rise slightlyj 
exceeded 13 feet, namely, near Boston, and Maranham in Brazil|| 
and along the west coast of America, the tide rose high only at Capi 
Horn and a few other places. This summary indicated the partA 
of the world where examples of rivers with a good tidal rise at ' 
their months shonld be sought, which, if he was right, exercised 
a classifying inflnence on rivers. Such rivers were few ;' 
nunil>er, and formed a well-defined class requiring special treat- 
ment. Their mouths should be formed so as to facilitate to the 
utmost the influx of the tide, which acted spontaneously, like a 
powerful hydraulic ram, when once admitted, and which had not 
hitherto by any means been utilized to its full extent. These 
tidal waters entering an estnary were only useful if they a 
flowed out again, and deepened the navigable channel; but the 
channel of the ebb was by no means formed in the same manner as 
the best channel for the influx of the flood-tide. These kinds of 
outlets, accordingly, involved the solution of a double problem, 
namely, the creation of two distinot channels closely combined, 
one the flood-tide channel admitting freely the incoming tide, and 
the other the ebb-tide channel concentrating in itself as mnch as 
possible the out-flowing current. This difficult problem had nevM 
been fully investigateil, and even then would only admit of partial 
solutions; but Mr. Parliot's theory had not advanced its accom- 
plishment. 

Mr. L. F. Yebnos-Harcourt, in reply to the correspondence, 
observed that Mr. Amor had referred to the property of sea-water, 
and, indeed, other aaliue solutions, of causing earthy matter to 
deposit mnoh more readily than was the case in fresh water. 
Amor, however, bad apparently not discovered the original account 
of the experiments referred to, which was contained in a report 
by Mr. Sidell, assistant engineer on the Mississippi survey, dated 
1839, and published as an appendix in Humphreys and Abbot's 
" Report on the Mississippi River." The somewhat anomalous 
result was probably due to saline solutions producing an aggre 
of clayey iJarticles, and, consei^uently, promoting their rapid pre- 
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cipitation. The subject was of considerable interest v 

to the formation of bars at the mouths of delta-forming rivers, and ^"^ 

■waa worthy of further investigation. 

The particulars as to the proportion of matter rolled along the 
bod of the Mississippi, objected to bj Mr, Corthetl, were derived 
from an article on the Mississippi by General Abbot, published in 
The Encyvlopasdia Brilamiica in 1883, and not from documenta 
which appeared prior to the construction of the South Pass jetties. 
Ifi as stated by Mr. Corthell, the sediment was carried wholly in 
Buspensiiin in the current, the physical conditions were to that 
extent less unfavourable than he had supposed, and the improve- 
ment of the outlet of the South Pass a less difficult work. With 
regard to Mr. Corthell'a criticism of the viev/s expressed in his 
Paper as to the existing condition and prospects of maintenance 
of the 30-foot channel beyond the South Pass jetty channel, he 
need only quote a paragraph from the "Eeport of the Chief of 
Engineers for 1893," which he had only had access to subsequent 
to the reading of hia Paper ; " The chart of the sea end of jetties 
shows a gradual growth of the bar, and clearly indicates the early 
resumption of those conditions which obtained before the jetties 
were constructed. If it is therefore desirable to maintain the 
present 30-foot depth of channel through this bar, the early 
extension of the jetties is patent to any unprejudiced observer. 
It is possible that the SO-feot channel at the Gulf entrance 
may be successfully maintained a few years longer by energetic 
dredging, but it is evident that it will not be a great while before 
the prolongation of the jetties will become necessary." This 
statement afforded a remarkable coufirmation of the conclusions 
he had arrived at from a careful study of the yearly charts. 

Mr. Luiggi's remark that " it was assumed that the bars formed 
at river-mouths were produced mainly by the materials deposited 
1^ the river itself," could only apply to the descriptions of delta- 
forming rivers, in which cases the assumption appeared to be 
justified. In all the other rivers described, the influence of the 
wavea in forming the bars, and the silting up of estuaries by 
alinvium brought in by the flood-tide, had been very definitely 
stated. Under the term littoral currents, he included the cur- 
rents and waves produced by winds, as well as ocean and tidal 
currents. 

He fully agreed with Mr. Caland that the Maaa could not be 
accepted as an instance of an estuary vrith a narrow neck, &a it 
had been trained in a funnel-shaped form. Moreover, at a very 
teceot visit he had made to the Maas outlet, he had ascertained 



I 



100 CORRESPONDEKCE ON TKADSISG OF ItlVBBS. [MinutM of 

1- that the travel of the sand there was mainly from the south, and 
not from the north aa Btute<i by Mr. Partiot, that the groynes 
along the cKtast to the north had been cooBtnicted merely to 
prevent the erosion of the coast, and that the bar at the mouth 
had been removed by suction-dredgers. The present depth of the 
outlet-chanuel, and the marvellous development of the maritime 
trade of Rotterdam, whiGh he himeelf had witnessed, within the 
last fifteen years, did not bear ont the gloomy views of Mr. Sio- 
oama. Mr. Stierle had given an interesting description of im- 
provements at the outlets of several rivers on the east ooaat of 
North America, showing the value of dredging aided in some 
measure hy training-works. The checking of the flood-tide at the 
mouth of the Adour mentioned in his Paper, to which Mr. Eyriand 
des Vergnes demurred, had been gathered from the tidal rises of 
the Adour given in " Ports Maritimes de la France," and from the 
very definite statement made by Mr, Pettit with reference to this 
suhjeut in the correspondence on "Harbours and Estuaries on 
Sandy Coasts,"' in 1882. Ha had, however, very recently been 
informed by Mr. Belleville, the present engineer of the Adour, 
that the tidal data given in the "Ports Maritimes" had been 
lately found to be incorrect. He understood that the closing of 
the openings in the jetties, and the lowering of the bar outside 
the Adour jetties by suction -dredgers, specially designed for ench 
an exposed situation, had been determined on. Mr. Evaristo de 
Churruca Ijad supplemented the description of the Kiver Nerrion 
in his Paper by some valuable particulars. He had been ac<^nainted 
with the Ribble estuary, to which Mr. A. F, Fowler had referred, 
for a niiniber of years, and had inspected it under various con- 
ditions of wind and tide. In traversing the extensive sands of the 
estuary at low water of spring-tides during a high wind, he had 
never seen any appreciable transport of the sand by the wind, as 
the sand had not time to dry suificiently, especially as it waa 
intersected by numerous rills. The observations of Mr. Fowlei? 
appeared to relate to the northern foreshore, where, no doubt, the 
sand was dry enough near high-water mark to be blown inland; 
and generalizing from this, Mr. Fowler had been led to an 
exaggerated notion of the drift of sand under the influence of 
wind atone. If sand was tJius blown across the estuary from the 
south-west, it would gradually fill up the present trained channel, i 
which would thereby be more injuriously affected than a sonth- 
a outlet. 

' Jliunt*;B of FioccuiiingB lust. C.E,, vol. In, p. 69. j 
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Professor Gaiidard had proposed to reconcile the conflicting 
■views expressed in the Papers with reference to the moat satis- 
factory method of improving the outlet-channel of the Seine, by 
barring the central outlet between the Amfard and Ratier banks, 
and providing two outlet-channels, along the northern and the 
eoathern shore of the estnary respectively ; but he (Mr. Vernon- 
Haroourt) feared that this solution would not satisfy either Author, 
and considered that the formation of two navigable outlets would 
be prejudicial to the depth and maintenance of hoth, and was at 
variance with the true principles of improvement of tidal rivers, 
which should aim at concentrating the tidal scour and fresh-water 
discharge into a single channel. Mr. de Coene had miaconatrued 
his opinion with reference to converging training- walls in Liver- 
pool Bay, in supposing that he considered " that these converging 
walla would certainly be preferable." To bear thia out, Mr. de 
Coene had quoted a passage from his Paper on " Investigations 
into the Effects of Training- Walla in an Estuary like the Mersey," 
and had omitted a qualifying paragraph which immediately fol- 
lowedthe quotation. Thia paragraph was as folIowB : — " Moreover, 
the comparatively narrow entrance over the bar, whilst deepening 
the bar channel, would check tlie tidal flow in tLe ' narrows ' and 
upper eatnary, which would affect the outer channel between the 
* narrows ' and the bar." He had been informed recently by the 
engineers in charge of the Seine model at Eoiien, that, contrary to 
the statement of Mr. de Coene's, the Rouen experiments, like his 
own, had given unfavourable results with achemes providing a 
narrow outlet. Mr. Mengin-Lecreuljt seemed to apprehend that 
the authority of the Institution would be invoked in favour of the 
scheme which Mr. Partiofa Paper appeared to have been written 
to promote. The appreciation, however, of the literary merit and 
trouble in preparing the Paper, extended by the Institution to a 
foreign engineer of high standing, did not in any way imply the 
slightest agreement with the views expressed in the Paper ; and 
it woold be wholly at variance with the scientific objects of the 
Institution if this act of courtesy could be used as a means of 
poshing forward a scheme which had been viewed with distrust 
by the several eminent engineers who had successively had charge 
of the tidal Seine. He was in agreement generally with the 
objections raised by Mr. Mengin-Lecreuls, Baron Quinette de 
Kochemont, and Mr. Vauthier, to the conversion of the outlet of 
the Seine into a narrow neck ; and he was of opinion that, under 
the special conditions of the Seine estuary, the contraction of the 
outlet of the Seine by a breakwater from Villorville to Amfard 
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Mr. VanwB- «ronld rediioe the tidal rise inside, and wonld reaalt in the silUng 
**" np of the astnary, the farmstion of a bar outside, aad a Urge 
advance of the foreshore in &ont of Tronville. 
Mr. Putint. Hr. H, L. PiETiOT,' in reply to the oorrespoDdence, observed that 
it was desimhle to define the meaning of the term " neck," for Sir. 
Shtwlbred had said that, "the contraction of the Seine betiveen 
Tancarville and QniUebeuf bad qoite as marked, and a aimilar 
effect upon the tidal flow in that river, as the one between Boyan 
^^ and Pointe de Grave had upon that of the Gironde." The Pointe 

^^L de Grave, however, which projected like a groyne towards the 

^H opposite shore, reduced the width of the Gironde to 3 miles, which 

^H amounted to 6} miles at Richard and down to within a very short 

^H distance above the Point. On the Seine, on the contrary^ 

^H Tancarville was 3 miles below Qmllebenf ; and previously to the 

^H training-works, the opposite bank was 2\ miles from Tancarvillo, 

^H and abont 1^ mile from Qaillebenf ; and the estnary from Havre 

^H to near Aizier appeared to him distinctly trumpet-shaped. The 

^H two esttiaries acted in a totally different manner. He considered 

^H that an estuary had a neck when the two banks formed a decided i 

^H contraction opposite, or nearly op|X)site one another, as on ths 

^H Gironde, with a great enlargement in width above and below. 

^H This neck might be long, as on the Tagna below Lisbon, at 

^H short, as at the Pointe de Grave and on the Foyle. This defi' 

^H nition would esclnde rivers with tmmpet-shaped mouths flowing- 

^H into bays. He thought that the explanations he had given in 

^H his Paper concerning estuaries with necks wonld meet some of thtf 

^H objections raised in the correspondence. The depth in a netdc 

^H depended on its width, and the quantity of water flowing through' 

^^H it. When the tides were small, or the neck too w^de, the depth 

^^M was less, and the lengths of the resulting channels below a 

^^M above the neck were consequently shorter ; and therefore it v 

^^M not surprising that necks, either natural, or formed hy training- 

^^1 walls, might have an insufficient depth, and form short and shallow 

^^1 channels. By deepening the neck, the channels formed by ii. 

^^t would be deepened, and the bar below the neck would be lowered ; ; 

^^K and it was with the object of thus lowering the bar of the Loira 

^^M that he had proposed to rectify and contract the oblique neck 

^^M which separated St. Nazaire from Miudin Point, as referred to 1^ 

■ 

^^^ ' Want of aptice has obliged the Editor to curtail this reply, wMcI> is «t; 

^^B abridged traualatioii of Ihr MS. rnrni»bcd b; Mr. Partiot Ttie Freacb origin^ 

^^H mHf be conBuItvd at ibc luslilution by any prrsou dpairing fuUcr details.— SbcL 
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Pr. Vernon-Harooiirt in the diacassion. The effect, however, of Mr. Partiol 
p neck on the bar would be reduced if secondary channels came 
lain channel between the neck and the bar ; and therefore 
■jWould be advantageous to close these secondary channels, in 
ler to extend the influence of the neck and the principal channel, 
seqnoatly it might be advisable to close the minor channels 
l^cli opened on the left bank into the main channel of the Mersey 
V the neck. His theory was independent of the length of the 
IS proved by the case of the Tagus ; and the bar might there- 
e be brought under the influence of the neck, and lowered, by 
mging the neck seawards by means of jetties, 
was considered by Professor Gawdard that it would be better 
niake some of the flood-tide enter the Seise estuary over a low 
»kwater connecting Batier and Amfard, in order that the water 
;ht come in less charged with sediment than at present ; but he 
Partiot) was of opinion that the tidal water might be 
admitted through the neck itself, as occurred in nature in the 
estuaries he had cited, which had existed since the earliest times 
without their being silted up. The tide carried out as much silt 
as it brought in, and more when aided by the fresh-water discharge 
of a river, ae evidenced by the estuary of the Gironde, which had 
existed for centuries in spite of the materials brought down by the 
Glaronne and the Dordogne. In Professor Gaudard's project for the 
Seine, the Villervillo channel would admit a current fully charged 
with silty sand from the coasta of Calvados, nearly the sole source 
of the deposits which encumbered the estuary ; and the navigation 
by this outlet wonld be impeded by the banks of Trouville and the 
Beine. It would be much better to close this ontlet, and to admit, 
as far as possible, only the clear waters of the Antifer current into 
the estuary. Air. Shoolbred had been imperfectly informed as to 
the proposals for securing the approaches to Havre, and the com- 
pletion of the Seine training- works, which had not yet been passed 
by the Senate and must return to the Chamber of Deputies. The 
silting-up, however, which always had occurred in front of Havre 
when the navigable channel of the Seine remained in the centre, 
or at the south of the estuary, showed that the eicecution of the i 
scheme of training- works approved by Mr. Shoolbred, would result 
in the accretion of the foreshore in front of Havre, behind the 
north training-wall ; and even if the opening up of the Port of 
Ronen for the largest vessels should render the formation of the 
proposed new works on this site unnecessary, it would be essential 
to create and maintain a great depth in front of the existing 

[the INST. C.B. VOL. C3VUI.] ft 
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Ur. Pariiot. entrance to Ha^a'e ; and therefore he could not support the sohemQ 
referred to by Mr. Shoolbred. 

I When he had had charge, as engineer, of the works at the 

oatlet of the Seine for four years, in 1857, the training-walls 
being nearly finished down to Tancarville and La Roque, he had to 
present a scheme for the extension of the training- walls, in com- 
pliance with the reqnost of the town of Rouen, which desired their 
prolongation down to Honfleur, He, however, soon recognised 
that the fears of silting-up manifested at Havre would be well 
founded if this project was carried out, and that the entrance of 
the Seine should be fixed close to the jetties of this port. For that, 
it would suffice to prolong the left training- wall, transforming it 
into a breakwater carried out in front of Havre, in this way con- 
verting the estuary into a great sluicing-basin which would deepen 
the approach to the port. The estuaries of Arcachon and the Gironde 

■ showed that great depths would be obtained in front of Havre ; 

that channels would be scoured out above and below, on the one 
side towards the trained river, and on the other side towards the 
deep sea near Havre ; and that the Seine estnary, being converted 
into an estuary with a neck, would be maintained like this class 
of estuary. Tliia was thg basis of his project of 1859, Sub- 
sequently, for the sake of economy, and in order to increase the 
area of the enclosed estuary, the length of the breakwater was 
reduced by making it start from Villerville, thereby constituting 
it a Pointe de Grave at the mouth of the Seine. He had also 
designed a low training-wall along the left bank, to direct the 
current from Honfleur to the breakwater ; and he had recently added 
a little branch channel going from the Seine near Tancarville 
through the northern part of the estuary. Fig. 1. The essential por- 
tion of the scheme, however, consisting in closing the southern and. 
central channels, and making all the discharge of the Seine and 
estnary go through the northern channel close to the jetties of 
Havre, had been kept unaltered. It was necessary at the outset 
to determine the requisite widths between the training-walla 
below Tancarville, which depended on the discharge of the river 
at the various points and the desired depth, which he had arrived 
at by the methods he had indicated in 1861, and had developed' 
in 1892.' The width of the river was at present 1,480 feet 
at Quillebenf, and 2,300 feet at Tancarville; and adopting the' 

' " EtTidc Bar te mouvemont dea Maxoca dana la purtio maritimi! doa Fleuvo^ 
1861," BUil '• Etude flur lea KiviuroB a. Maroo L>t 1«b EatnnircB, 1892." H. L. 
pMliot, 
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Hths propoaed by the engineers of the Seine for the train ed chan- Mr. Partiol 
\ of 3,940 feet at the mouth of the river Kille, and 4,600 feet 
Mite Honfleur, he had calculated that, with an average velocity 
i feet per second, these widths would give depths of 10^, and 
J feet below zero respectively at these places, Aa he considered 
5)Bdient that, in order to provide a, roadstead for the largest 
(els, a depth of 34^ feet below low-water of spring-tidea should 
ifforded half-way between Honfleur and Havre, a depth of 
Mt was required in the channel near Havre, equivalent to 
t of the pass by which the flood-tide from the north entered the 
a the neighbourhood of Havre. Assuming that the Seine 
I trained down to Havre, and adopting a mean velocity of 
I 3J feet per second, equal to the flood-tide current in the Gironde 
at the Pointe de Grave, he had found that the width of the Seine 
at Havre should be 2,810 feet. The corresponding sections at the 
mouth of the Eille, Honfleur, and Havre respectively, would be 
30,436, 14,857, and 17,3-14 square yards, and the discharges of the 
flood-tide at the same points, 271,392, and 505 million cubic yarda 
respectively. The Seine thus trained down to Havre would, h 
acicordingly, furnish increasing sections below Tancarville ; its H 
outlet wonld directly face the tidal wave, and the clear cuxreat H 
coming from Gape Antifer; and it would he placed as far as pes- H 
sible from the Calvados coast, the source of almost all the deposit H 
in the estuary. This scheme, therefore, he thought ought to H 
satisfy those who desired to have trumpet-shaped outlete. A ^ 
depth of lOi feet below zero, above the mouth of the Eille, would 
afford depths at high-water, of 36^ feet at springs, and 30^ feet 
at neaps ; and these depths would be maintained by the action of 
the currents alone, without dredging. Even if the estuary of the 
Seine was to be entirely silted up, the river might still be brought 
into the condition described ; and the project offered perfect 
security in respect to it. The estuary, however, would not silt 
np; and new and injportant advantages could be derived from it. 
To facilitate the maintenance of the estuary, he proposed to reduce 
thewidthof the Seine a little at the mouth of the Eille and Tancar- 
ville, and to form an opening near the latter place, 262 feet wide, J 
with its sill 3^ feet below low-water, thereby creating a falsa H 
branch, which by its probable wanderings, would undermine and H 
keep down the level of the banks in the estuary, or if it maintained H 
its direction, would produce the effects mentioned by Mr. Stoney H 
withreference to the proposed training-works in the Mersey, namely, ^ 
the lowering of the estuary for considerable distances on each side ; 
and the sand stirred up by the tides and waves would descend into 
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Am MMtk-vast of the Havm flatnaee, 3,937 feet wide^ Ib 
MigfabauiMnd of depths <tf -M ftet in tbft Amfozd ciiannel, so tlaf! 
HsTTQ vobU be koeessibk at all times bj daaoels &t le«t 33 feflV 
dnept-V^K. Helttdnot takentntoaenwnt the 114,000,000<ni1]w 
jnids (^ vmter which ooTcved the triangnUr azea bet n een the l»eak>- 
wmter and HonfleoT at Bfnin^tides (which an* wonid be kept hx^ 
Dear the low training-wall hy the e&cts altaded to by Mr. Stoney^ 
because accretioDS had taken jdaoe mnoe his calculations of tltl 
tidal capacitT of the estnaiy had been made, and further accreUoi 
might occur before the completioD of the work& The formation 
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triangular bank on the left shore, similar to Tnns hank at M 
month of the Foyle, Fig. 15, Plate 4, must bo anticipated, 
meeting of the two tidal waves from the north and east in the 
of the Seine, maintaining high w^ter at Havre and along the 
idoa coast, was a wide-spread tidal phenomenon which conld 
Tm mnch affected by the closure of the two passes of the Seine ; 
probable that a portion of the Calvados wave, entering 
bay along the coast towards Honfleur, would reach Havre 
and prolong somewhat the period of high-water. This 
, affording a depth of over 30 feet at high-water of neap- 
up to Rouen, a sheltered roadstead for the largest vessels 
Havre, and two approach channels with depths of 33 feet at 
tide rendering Havre accessible at all times, would cost 
10,000, which would be promptly repaid by the saving effected 
in the cost of transport. Thesa results explained why he conld not 
accept the projects prepared by the Commission of 1885, or sub- 
sequently under its inspiration. Mr. de Goene had stated that 
the experiments made at Eouen with a little model, similar to the 
one employed by Mr. Vernon-Harcourt, had convinced him that 
the formation of the proposed neck at the mouth of the Seine 
would give depths of 23 feet at low-tide from Tancarville to the 
outlet. He (Mr. Partiot) joined with those who urged the con- 
tinuation of these experiments and their publication. 

Though Mr. Mengin-Lecreulx was struck with the expenditure 
which this project would involvo, he had arrived at his estimate of ■ 
£4,000,000, to a great extent, from the cost of the Boulogne break- 
Water, and of the Seine training-walls ; and of this sam, £2,560,000 
Would suiEce for the works above Havre, the remainder being 
required for the detached breakwater facing Havre, and for com- 
pleting the northern channel. Great economy, moreover, might be 
effected by adopting the system of construction employed by the 
Dutch, who were about to close the entrance to the Znidor Zee. 

Both Mr. Mengin-Lecreulx and Mr. Vauthier had strongly 
insisted that the construction of the neck would lower the level of 
high-water in the estuary and above; but the nect at the Pointa 
de Grave did not prevent high-water attaining the same level in 
the Gironde, and up to Bordeaux in the Garonne, as at Eoyan, and 
in the Pojle, the tide rose higher at Moville above the neck than 
at Warrenpoint below. Moreover, in these two estuaries, the 
lade fell again directly after high-water; whereas, at Havre, high- 
water lasted for over two hours, facilitating the filling of the 
estuary. Observation was therefore opposed to this objection. 
Though the section, moreover, of the mouth of the Seine from 
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Havre to TUlerrille, with a length of 80,840 feet, and an averaga 
depth of 21| feet, amounted to 69,255 sqnare yards, as compared 
with 44,764 sqnare j'ards at the neck, yet the greater depth of' 
68f feet at mean sea-level in the neck wonld render the sectioBi 
through the neck capable of discharging slightly more, with thi 
same average slope, than the other. The tidal wave also wonlt 
be propagated more easily through the new entrance than at 
preeent, since the rate of propagation, according to Lagrango'i 
formula, was proportional to the square root of the depth, and in 
the neck would be 1*69 times its present rate. 

In calculating the lo3S of height of high-water in the estnary, 
Mr. Yanthier had supposed that the loss in the neck at any given 
time was proportional to the sqnare of the height of the water 
above low-water ; but De Prony's formula of discharge sho'wed 
that the height of the water must be reckoned from the bottom, 
and not from low-water. Observation proved that the loss of 
height of high-water was generally nothing in estuaries, and that 
the tides passed easily through necks, as explained by the foregoing 
reasons, and would be the same for the Seine, and, therefore, he 
need not discuss Mr, Vauthier's calculations. 

It had been asked by Mr. Mengin-Lecreulx what would happen 
during the eseoiition of the works. Mr. Partiot believed that it 
would depend on the way in whioh they were carried out. He con- 
sidered that they should be begun by the Villerville breakwater, as 
recommended by Mr. Galand, as the inner works would thus bo 
executed much more easily and cheaply. In commencing the break- 
water at Villerville by closing the south channel, and by beginning 
the foundations of the breakwater in the middle channel, the ontl^' 
channel would go to the north of the Amfard bank as it had done 
several times ; and when, in March 1893, it had taken the course:' 
which he desired to give it, the Chamber of Commerce of Bouea> 
ascertained that it was in a good condition. Inside the estuary^ 
directly the opening at Tancarville had been made, the northern 
training-wall should be prolonged, to prevent the channel from- 
going away from Honfleur. The low training-wall on the left bank- 
beyond Ilonfleur would be constructed towards the close of tlW' 
works, when silting-up had begun in the triangle between tho' 
breakwater and Honfleur. I 

Though there was no I>ar in the channel penetrating the estoaij ' 
between the Amfard and Batier banks, it might be said that thw 
sands of the estuary discharged by the neck would create a bar 
the mouth of the Seine. This bar, however, would be formed likei 
that of the Rhone ; but the neck being connected with the central''' 
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ohamiel, it was certain tliat the bar would be formed at the Mr, 
extremity of this channel, in the depths of 60 feet below aero 
which were found near Havre. The bar of the Mersey was 
9^ miles beyond the neck, and the bar of the Gironde 16 miles 
from the Pointe de Grave. Small-scale models might give useful 
indications on this point ; and Mr, De Coene had mentioned that 
the Rouen model had shown a depth of 26 feet over the bar. In 
any case, be believed that the Antifer current would drive the 
aands on to the Seine bank, and that the bar TCould eventually 
disappear. 

According to Mr. Mengin-Lecrenlx the opinion of French 
engineers vraa opposed to the scheme ; but Mr. Partiot had 
received very different assurances ; and the erroneous views of the 
Commission of 1885, the resulting obligations, and the situation of 
the government in France, must be taken into account. Mr, 
Mengio-Lecreulx bad declared that the Seine possessed a neck, 
and that it had only a limited depth ; but no neck was now visible 
in the Seine which flowed into its estuary through a gradnally 
widening channel. He had also added that the navigation of the 
Gironde was beginning to meet with difficulties ; these did not, 
however, arise from the neck, whose influence ceased 12^ miles 
above, but from the changes of the ohannelfl in the upper part of 
the estuary, and of the two large rivers which flowed into it. The 
existence of a neck was evidently not a remedy for every evil, but 
if the present condition of Havre was compared with the results 
hoped for from the proposed scheme, it was clear that this port 
would he far from suffering any loss. Though Mr. Mengin- 
Lecreulx considered that the approaches to Havre would be 
encumbered by the deposit of sands coming from the Seine bank 
and the estuary, nevertheless, when this port was given two 
approaches and depths of 33 feet at its entrance, no dangerous bar 
would be formed in the north channel ; the bar in the south- 
west channel could be lowered by dredging, and the Antifer current 
would eventually disperse it. The government desired to achieve 
snocess with two separate projects fox Kouen and Havre, in spite 
of the natural connection between the fixing of the channel in the 
middle of the estuary and the silting up of the ports of Honfleurand 
Havre ; and he could not approve of the adoption of such a course. 
It was urged by Baron Quinette de Rochemont that rivers 
might be cited as being with or without a neck, according to the 
flieory it was desired to establish, and denied that the Foyle was 
comparable to the improved Seine. The chart, however, of the 
Foyle reproduced almost precisely, when viewed on the reverse 
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I'ntDoi. lide or a tractDg, the main features of the Seine scbemt U gutM 
out by nature, as well as the details of the sarronndin^ toA W 
the rivers Tonqnes and BLlle, Fig. 15, Plate 4, and Fig. W. ~ 
waters of the Foyle were clear, whilst the Seine also tvonglit WJ 
little silt down daring floods. The north winds which ranstdtbt 
travel of the sands along the coast, directed them near theFt^lh 
and also the month of the Bann towards the west, just asthencwd- 
weBt winds in the channel pushed them eastwards near the f ' 
and turned the outlet channel of the river Tonqaes in. the 
direction. The flood-tide coming from the north-eaat it to, 
entrance to the Foyle could not bring much sand into the estMlJ 
on account of the neck which protected it ; and the n 
current which, after flowing into the Seine estuary 
Villorville, returtiod charged with alluvium in front of Hivw 
would not ho able to efiect this circuit if the southern *™ 
central passes were closed ; and the sands from the Calvados owbI 
would be arrested by the triangular bank which would be fonnw 
on the left bank of the channel beyond the neck, Fig. 16, jnst 
OS the sands which came iiom the river Bann accumulated on 
the bank of Tuns, Fig. 15, Plate 4. The current from Caps 
Inishowon followed the coast, like the current fi^m Cape Antiftr; 
and the littoral current of the Bann was opposed in directioE to the 
other, like the current along the Calvados coast. 

The fact was recalled by Mr. Vauthier that the range of tifles »t 
the mouth of the Foyle was much smaller than at the Seine outlet: 
but the only conclusion to be drawn was, that if a rise of 7^ feet at 
springs gave good results on the Foyle, a rise of 23^ feet woula 
give still better ones. Baron Quinette de Eochemont said that toe 
Villerville breakwater would change the regime of the currents of 
the estuary; but if this regime was bad, there should be no uUM* 
hesitation about modifying it than in the case of a sick s 
cure him. He (Mr. Partiot) had explained what the now regiine 
at the entrance to Havre would be ; and he could not see how the 
second high-water, which was a purely marine phenomenon, ana 
which reached Havre in following the coast of Antifer, could oboSS 
to be produced. The jiort of Trouville would retain approximately 
its present condition, for the travellingsands from the Calvados ouB* 
would contitiije their course along the shore near the breakwsttf 
until arrested by the triangular bank below the neck, jnst >* 
the river Bann had not been silted up by the sand travelling ulifflS 
the coast towards Macgilligan Point, which accumulated at TuOt' 
bank. The deposits which had taken place within the last few 
years in the Seine estuary were partly due to the displacement" 
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I the banks in it; but they must also be attributed to the great Mr. Pu-aw 
1th (o^ miles) of the mouth, all along which the flood-tide could 
le sands, which the ebb, dispersed over this wide outlet, 
waa powerless to drive out to sea. Trumpet-shaped estuaries were 
ailted up when the channel became fixed, and this had been the 
effect of the training- works down to the mouth of the Kills ; but 
tte Baaie was not the case in estuaries protected by a contracted 
outlet; and it was to he regretted that the worka in the Seine 
Wtnary were not commenced by the construction of the Villerville 
breakwater. Experiments with small-scale models might give 
different results according to the manner in which they were 
worked; and he would urge the continuation of the Eouen oKperi- 
IUBntg, which might furnish very different conclusions to those 
drawn from them by Baron Quinette de Kocheniont. Mr. Vauthier 
oonsidered that the differences in each outlet involved a separate 
problem for each, and did not take into account that nature 
acted in accordance with general laws, which were essential to 
know, and which niight often he utilized. He said that the 
system of necks might be advantageously used within certain 
limits for tideless rivers ; and he (Mr. Partiot) agreed with him 
that, when such a river dispersed its waters over a great width at 
its outlet, it might be useful to concentrate them in a single point, 
which was effected by closing the secondary branohes of a delta. 
Vauthier, hoivever, found it difficult to understand the 
advantage of introducing a large quantity of tidal water into 
an estuary or a river through a neck, in order thereby to obtain an 
improvement ; but the greater the volume of water which entered, 
the greater and deeper should the channels become. Observation 
showed that when the volume of tidal water introduced was 
diminished the depth soon decreased and estuaries silted up, and 
that it was most essential to avoid as much as possible the reduc- 
tion of the tidal water, Mr. Yauthiei, in criticising the proposed 
scheme for the Seine, had stated that the training-walls were to 
bo prolonged without increasing the widths of the river ; but it 
had been shown by the case of the Gironde that the essential 
point was for the sections, and especially the discharges, to increase 
seawards, and that these conditions were fulfilled in the arrange- 
ments of the scheme. He did not question the importance of the 
if tide, about which Mr. Vauthier was so much concerned ; 
bnt the laws of nature wliich he had pointed out applied to little 
ranges as well as great ; and the limit of 13 feet, chosen by Mr. 
Vauthier, was neither fixed nor justified. A reduction in the 
widtli of tlie neck by the travel of the sands, as in the caae of t1.\6 
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'■ Foyle, might produce depths greater than proportionate to 
range of tide ; for, whereas the Gironde at the Pointe de Grav 
with a rise of tide of 17^ feet and a width of 5,300 yards, liad i 
depth of about 100 feet, the Foyle with a rise of tide of only ' ' 
feet, bat with a width in the neok of only 1,475 feet, attaiosd i 
depth of nearly 70 feet. Mr. Vauthier had objected to 
ezamplea cited, commencing with the Foyle, and had dwelt ob t 
inconveniences they exhibited in spite of the existence of a neiik 
He (Mr. Fartiot) did not pret«nd that this condition exempted Qua 
from all defects ; and he had confined himself to deducing 
these eKaniples, that necks produced great depths io the necks thein-^ 
selves, and channels above and below. He bad talcen aacoDot 
his formulas of the discharges of the rivers, as well as the range ( 
the tides ; and he did not think that a classification based 
these ranges could prove that the natural laws he had indicab 
were inexact, as Mr. Vauthier Eiupposed. 



24 April, 1894. 

ALFKEB GILES, 

in the Chair. 

The discussion upon the Papers on " The Training of Eivera," liy 
Mr. Vernon-Harcourt, and on "Estuaries," by Mr. Partiot, occupied 
the evening. 
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